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coal  Xo.  2,  as  well  as  of  the  'higher  beds  worked.  The  close  proximity 
of  the  surface  of.  coal  formation  to  sea  level,  which  is  thus  indicated, 
lias  an  important  bearing  in  explanation  of  the  great  horizontal  extent 
of  the  individual  coals  in  the  basin,  on  the  one  hand,  and,  on  the  other, 
to  the  high  percentage  of  sulphur  in  the  coals  of  this  field.  At  the  pres- . 
ent  clay,  those  peat  bogs  which  have  been  affected  by  or  have  been  sub- 
jected to  salt  or  brackish  water  invasions  are  characterized  by  relatively 
high  sulphur  percentages,  a  feature  that  seems  to  correlate  with  the 
peculiar  kind  of  putrefactive  (bacterial)  action  attending  such  con- 
ditions of  deposition. 

In  the  region  of  Duquoin,  Christopher,  and  Herrin,  there  would  seem 
to  have  been,  at  the  time  of  deposition  of  coal  No.  6,  nearby  land  sur- 
faces—perhaps small  irregular  exposed  areas — occupied  by  the  coal 
forming  types  of  vegetation.  The  mines  iri  this  district,  which  lie 
nearly  midway  across  the  basin,  frequently  show  abundant  fragments  of 
1  ferns  and  other  delicate  plant  types  in  a  condition  of  preserva- 
tion which  absolutely  precludes  far  transportation  or  long  suspense  in 
water.  It  is  probable  that  the  old  soil  areas  which  supported  this  vegeta- 
tion at  the  time  of  the  marine  submergence  of  the  bog  swamps  were  iden- 
tical with  some  of  the  hummocks,  or  barren  rises,  which  interrupt  the 
continuity  of  coal  Xo.  6  in  this  region. 

The  plants  in  the  roof  of  coal  Xo.  6  do  not  on  closer  examination 
appear  to  disclose  any  paleobotanical  obstacle  to  the  reference  of  the  bed 
to  the  Freeport  group,  in  the  upper  part  of  the  Allegheny  formation, 
with  which  it  appears  to  offer  a  satisfactory  agreement.  The  flora  of 
Xo.  6,  in  southern  Illinois,  also  agrees  fairly  well  with  that  of  the 
Grape  Creek  coal  in  the  Danville  region,  which  accordingly  is,  I  believe, 
also  to  be  referred  to  the  same  horizon.  I  therefore  do  not  hesitate  to 
refer  these  coals  to  the  Allegheny  formation.  This  reference  conforms 
to  the  opinion  expressed  in  the  Danville  folio,  though  the  presence  of  one 
or  two  peculiar  species  seemed,  at  the  time  of  their  study,  to  favor  a 
somewhat  higher  level.  It  is,  in  my  judgment,  not  wholly  improbable 
even  that  the  Grape  Creek  coal  may  lie  as  low  as  the  lower  Freeport 
coal  of  the  Appalachian  trough. 

The  roof  of  coal  Xo.  7  or  its  supposed  equivalent,  the  Danville  coal, 
has  not  as  yet  afforded  any  fossil  plants  in  Illinois,  and  I  am  therefore 
unable  to  offer  any  paleobotanical  evidence  bearing  directly  on  its  cor- 
relation. I  may.  however,  venture  the  opinion  that  the  Grape  Creek 
coal  may  be  old  enoug'h  to  permit  the  inclusion  of  the  Danville  coal  also 
within  the  Freeport  group,  and  I  would  suggest  that  it  be  so  mapped. 
The  relatively  small  interval  between  these  coals  suggests  a  tentative 
reference  of  the  Danville  to  the  horizon  of  the  Upper  Freeport  coal  if  the 
Grape  Creek  coal  be  provisionally  correlated  with  the  Lower  Freeport 
coal  as  would  seem  to  be  permissible.  It  is  interesting  to  note  that} 
while  the  horizon  of  Xo.  2  coal  in  this  basin  is  marked  by  Ulodendron. 
the  higher  group  is  accompanied  by  frequent  representatives  of  the 
^thytidolepis  section  of  SigilJaria. 

In  passing  it  may  be  remarked  that  the  question  of  the  validity  of  the 
distinction  between  coal  Xo.  3  and  coal  Xo.  4,  as  presented  in  the 
earlier  State  reports  would  appear  to  merit  critical  inquiry. 
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MINUTES  OF  MEETINGS. 


THURSDAY,  MARCH  11. 
AFTERNOON  SESSION,  DR.  W.  F.  M.  GOSS,  PRESIDING. 

Formal  Opening  of  the  United  States  Geological  Survey's  Laboratory 
For  Mine  Rescue  Work. 

The  first  session  of  the  Illinois  Fuel  Conference  was  called  to  order 
by  Dean  W.  F.  M.  Goss,  in  the  Mechanical  Engineering  Laboratory  at 
2  :00  p.  in.  Owing  to  the  illness  of  President  Edmund  J.  James,  of  the 
University  of  Illinois,  Dean  Goss  introduced  to  the  conference  Vice  Pres- 
dent  T.  J.  Burrill,  who  in  welcoming  the  members  of  the  conference 
spoke  as  follows: 

I  am  sorry  to  have  to  take  President  James'  place  in  the  performance 
of  a  function  that  he  is  better  able  to  perform  than  I,  and  I  especially 
regret  that  I  am  better  able  at  this  time  physically  than  Dr.  James.  He 
is  sick,  and  consequently  unable  to  be  with  us. 

The  University  of  Illinois  does  not  claim  to  give  instruction  in  every- 
thing to  everybody,  for  although  the  University  has  a  great  many  de- 
partments, such  a  claim  would  be  too  wide.  However,  it  does  concern  it- 
self especially  with  many  matters  of  real  interest  to  the  State,  and  so 
far  as  possible  to  the  country  at  large.  Since  the  early  days  there  has 
been  great  growth.  The  time  was  when  much  attention  was  given  to 
growth.  The  time  has  past  when  the  University  thinks  mainly  of  growth. 
The  time  has  arrived  when  the  chief  aim  and  ambition  of  the  University 
is  service.  Service  is  the  word  which  best  describes  its  manifold  activ- 
ities. 

The  original  construction  of  the  I.  C.  Eailroad  was  from  Freeport  to 
Cairo.  When  the  construction  of  the  line  to  Chicago  was  discussed, 
doubt  was  expressed  as  to  whether  the  Chicago  branch  would  ever  pay. 
Xo  one  realized  the  development  possible  through  study  and  cooperation 
in  the  then  water  soaked  prairies  of  Illinois. 

Some  claim  there  is  much  ungodliness  in  trusts,  or  combinations;  but 
there  may  be  something  not  so  ungodly  in  them.  If  God  helps  those 
who  helps  themselves,  why  may  not  the  trusts  come  in  for  some  assist- 
ance? Individuals  operating  alone  cannot  accomplish  that  which  may 
he  obtained  by  combined  effort.  Two  can  do  more  than  one. 

Thus,  this  rescue  station  which  we  are  dedicating  will  be  more  useful 
through  the  effect  of  this  and  similar  conferences,  where,  bv  exchange  of 
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views,  and  by  combination  of  effort,  each  may  be  aided  by  the  experience 
and  research  of  the  other.  On  behalf  of  the  University  of  Illinois  we  be- 
speak your  cooperation,  and  extend  to  you  a  hearty  welcome. 

In  response  to  Dr.  Burrill,  Dr.  J.  A.  Holmes,  Chief  of  the  Tech- 
nologic Branch  of  the  U.  S.  Geological  Survey,  spoke  as  follows : 

We  are  always  glad  to  come  to  the  University  of  Illinois,  for  several 
reasons.  First  because  the  University  is  a  good  place  to  come  to,  as  it  is 
a  thoroughly  up-to-date  institution  in  every  way.  In  the  second  place 
the  University  is  always  a  profitable  place  to  come  for  help  and  inspira- 
tion. On  the  other  hand  we  believe  that  at  this  time  we  can  render  some 
sendee  to  the  University  through  that  cooperation  of  which  Dr.  Burrill 
has  just  spoken.  In  the  past,  the  mining  interests  have  been  left  lar- 
gely to  shift  for  themselves.  It  is  true  that  many  schools  of  mining 
engineering  have  been  established  throughout  the  country,  but  these  have 
concerned  themselves  primarily  with  metal  mining,  leaving  out  of  con- 
sideration the  great  coal  mining  interest.  It  must  be  admitted  that  the 
present  status  of  coal  mining  is  bad.  Lack  of  cooperation  makes  it  im- 
possible for  the  coal  operator  to  secure  a  fair  price  for  his  product;  a 
price  that  will  enable  him  to*  mine  coal  as  it  ought  to  be  mined,  with 
a  fair  degree  of  profit.  Under  present  conditions  in  many  places  only  50 
per  cent  of  the  coal  is  taken  from  the  mine,  while  under  proper  condi- 
tions 70  per  cent  or  more  ought  to  be  removed.  Coal  should  be  mined 
more  efficiently,  and  if  need  be,  legislation  should  be  modified  to  en- 
able this  to  be  done. 

With  the  cooperation  of  the  various  interests  of  the  State  it  is  hoped 
that  a  school  of  mining,  particularly  of  coal  mining,  may  be  established 
here  at  the  University  of  Illinois,  for  the  purpose  of  developing  safer  and 
more  efficient  methods  of  coal  mining.  Cooperation  should  not  be  limited 
to  one  state  alone.  The  State  of  Illinois  should  meet  with  help  and 
assistance  from  Indiana,  Kentucky,  Ohio,  Tennessee  and  other  great 
mining  states.  The  Eescue  Station  has  been  established  here  because  of 
its  favorable  location,  and  the  advantage  of  close  connection  with  the 
Departments  of  Science  and  Engineering  of  the  University.  In  the 
future  it  is  hoped  that  other  stations  of  like  character  will  be  established, 
and  that  the  movement  started  here  at  fhe  University  of  Illinois,  may 
become  a  national  one. 

In  the  absence  of  President  A.  J.  Moorshead  of  the  Illinois  Coal  Op- 
erators Association,  a  letter  was  read  from  him  by  Dr.  Bain,  Director 
of  the  State  Geological  Survey,  in  which  he  expressed  his  hope  that  the 
coal  operators  of  the  State  would  take  advantage  of  the  opportunities 
offered  by  the  establishment  of  the  rescue  station. 

Mr.  G.  W.  Traer,  Past  President  of  the  Illinois  Coal  Operators  Asso- 
ciation, responded  and  addressed  the  Conference  on  Cooperation  of  Prac- 
tical and  Scientific  Men. 

It  is  a  sincere  pleasure  to  me  to  acknowledge,  on  behalf  of  the  mine 
owners  of  Illinois,  the  obligations  of  humanity  to  the  men  whose  efforts 
have  made  it  possible  that  this  great,  civilized,  Christian,  work  shall  be 
carried  on  here,  and  whose  time  and  thoughts  are  being  given  to  it. 
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Illinois  is  to  be  congratulated  upon  the  proprietorship  of  a  University 
so  situated  that  it  is  chosen  ty  the  federal  government  to  participate 
in  a  work  of  this  kind,  and  with  a  University  organization  qualified  and 
eager  to  do  so  in  the  interests  of  humanity. 

Special  danger  of  injury  and  death  never  can  be  entirely  eliminated 
from  coal  mining  and  many  other  industrial  occupations.  But  such 
danger  is  multiplied  by  ignorance,  indifference  and  lack  of  foresight; 
or  it  may  be  vastly  lessened  by  research  and  application,  and  unre- 
served cooperation  on  the  part  of  those  whose  duty  it  is  to  think  and 
apply,  with  those  who  think  and  experiment.  Our  modern  civilization  is 
equally  distinguished  by  a  wholesome  regard  for  lives  and  happiness 
of  all  human  beings  and  by  its  profound  scientific  achievements  directed 
towards  the  same  end. 

We  are  here  today  to  witness  the  dedication  of  a  work  of  scientific 
iv-t  arch  to  that  end.  And  although  we  may  well  realize  how  much  re- 
mains to  be  done,  we  are  justified  in  a  feeling  of  confidence  when  we 
reflect  upon  the  achievements  of  science  in  the  past.  Seventy-two  years 
a-n  Maeaulay  wrote  his  great  essay  on  Lord  Bacon,  who  was  the  prophet 
and  the  apostle  of  the  practical  sciences,  as  we  now  know  them.  Bacon 
had  been  dead  more  than  two  hundred  years  when  Macaulay  wrote  this 
brilliant  eulogy  on  the  practical  results  of  what  had  once  been  called 
the  "new  thought."  and  which,  in  advance  of  actual  achievement,  many 
people  had  considered  to  be  merely  theoretical,  just  as  many  people  con- 
sider all  new  thoughts  today.  The  record  of  the  achievements  of  two 
hundred  years  was  easily  recognized  by  Macaulay  to  be  without  parallel 
in  the  past,  when  he  wrote  these  words :  "Ask  a  follower  of  Bacon  what 
the  new  philosophy,  as  it  was  called  in  the  time  of  Charles  the  Second, 
has  effected  for  mankind,  and  his  answer  is  ready:  it  has  lengthened  life; 
it  has  mitigated  pain :  it  has  extinguished  disease :  it  has  increased  the 
fertility  of  the  soil:  it  has  furnished  new  arms  to  the  soldier:  it  has 
given  new  securities  to  the  mariner;  it  has  spanned  great  rivers  and 
estuaries  with  bridges  of  a  form  unknown  to  our  fathers ;  it  has  guided 
the  thunderbolt  innocuously  from  heaven  to  earth ;  it  has  lighted  up 
the  night  with  splendor  of  day:  it  has  extended  the  range  of  human 
vision :  it  has  multiplied  the  power  of  the  human  muscles :  it  has  accel- 
erated motion :  it  has  annihilated  distance ;  it  has  facilitated  intercourse, 
correspondence,  all  friendly  office?,  all  dispatch  of  business;  it  has  en- 
abled man  to  descend  into  the  depths  of  the  sea,  to  soar  into  the  air, 
to  penetrate  securely  into  the  noxious  recesses  of  the  earth,  to  traverse 
"the  land,  in  car?,  whirled  along  without  horses  and  the  ocean  in  ships 
that  run  ten  knots  an  hour  against  the  wind. 

These  are  but  a  part  of  its  fruits  and  of  its  first  fruits.  For  it  is  a 
philosophy  that  never  rests,  which  has  never  attained,  is  never  perfect. 
Its  law  is  process.  A  point  which  yesterday  was  invisible  is  its  goal 
today  and  will  be  its  starting  point  tomorrow." 

When  these  word?  were  written  no  doubt  there  were  many  thinking 
people  to  whom  this  record  seemed  impossible  of  duplication,  even  if  it 
did  not  to  Macaulav. 
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And  yet  at  that  time  the  first  practical  steam  engine  had  been  used 
but  little  longer  than  the  Bell  telephone  of  today  has  been  in  practical 
use;  the  first  steamboat  was  no  older  than  electric  lights  now  are;  the 
Morse  electric  telegraph  was  as  much  a  novelty  as  wireless  telegraphy 
now  is,  and  travel  by  railroad  was  but  a  few  years  in  advance  of  aerial 
navigation  of  today. 

Antiseptics  and  antitoxins  were  among  Macaulay's  invisible  points 
and  a  demonstration  of  radio-activity  would  have  been  generally  regarded 
as  a  manifestation  of  the  evil  one. 

Nearly  all  great  scientific  discoveries  have  been  made  b}7  men  who 
dreamed  and  experimented,  rather  than  by  those  who  were  working  solely 
for  practical  results,  but  their  practical  application  largely  has  been 
made  by  the  latter  class.  Sir  Humphrey  Davy  invented  a  safety  lamp, 
but  the  lamp  has  to  be  carried  by  the  man  who  works  in  the  mine  and 
who  must  be  taught  how  to  use  it  with  safety.  Safety  helmets  have  been 
invented  by  men  versed  in  scientific  knowledge,  but  the  helmets  must 
be  worn  by  the  heroes  who  risk  their  lives  for  their  fellowmen,  and  they 
must  be  trained  in  this  use,  for  their  own  safety.  The  establishment 
of  this  relief  station  is  a  great  humane  work  by  men  of  science ;  but  the 
success  will  depend  upon  tjie  men  who  are  to  be  trained  in  it.  Only  by 
unreserved  and  ungrudging  cooperation  of  the  practical  and  the  scientific 
can  it  be  hoped  to  secure  those  results  which  we  all  desire  and  hope  to  see. 

•For  the  mine  owners  of  Illinois,  I  welcome  and  accept  the  preferred 
assistance  in  the  discharge  of  our  duty  to  humanity,  and  dare  to  hope 
that  it  may  mark  the  beginning  and  be  one  of  the  important  elements 
of  a  new  era  in  the  conservation  of  human  life  and  happiness  in  the  coal 
mines  of  our  great  State. 

Mr.  John  H.  Walker,  Past  President  of  the  "[United  Mine  Workers  of 
America,  in  speaking  before  the  sixth  session  on  the  general  question  of 
mine  explosions  and  rescue  stations  expressed  his  gratification  at  the 
experimental  work  under  Dr.  Holmes  at  Pittsburg,  and  the  establishment 
of  a  Eescue  Station  at  the  University  of  Illinois.  Though  Mr.  Walker 
was  unable  to  be  present  at  the  opening  session,  his  response  on  behalf 
of  the  miners  is  included  here.  He  said  in  part: 

The  establishment  of  the  experimental  work  of  the  IT.  S.  Geological 
Survey  under  Dr.  Holmes  at  Pittsburg  and  the  rescue  work  here  pleases 
me  greatly.  No  one  realizes  better  than  the  miner  the  dangers  of  his 
calling.  One  of  the  most  frequent  causes  of  accidents  has  been  the  fact 
that  the  composition  and  characteristics  of  explosives  used  was  uncertaio 
or  wholly  unknown.  The  miner  buys  powder  purporting  to  be  made  of 
certain  ingredients  and  of  a  certain  strength.  Many  times  its  composi- 
tion and  characteristics  are  entirely  different  and  accidents  result.  Our 
efforts  up  to  the  present  time  have  enabled  us  to  get  the  proper  size  of 
powder  grain  at  least.  Dr.  Holmes'  experiments  at  Pittsburg  will  give 
us  definite  knowledge  about  the  explosives  now  in  use. 

We  are  at  present  using  too  much  powder  per  ton  of  coal  mined  and 
this  causes  an  increase  in  the  number  of  accidents.  Coal  should  be 
mined  more  efficiently.  That  50  per  cent  of  the  coal  in  the  mines  is 
utterly  lost  beyond  recall,  is  a  fact  that  should  rest  heavily  on  the  con- 
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science  of  any  one  who  has  any  regard  for  future  generations.  At  present 
it  is  not  a  question  of  the  future  with  miners  and  operators ;  it  is  merely 
a  question  of  dollars  and  cents  now,,  and  matters  are  settled  on  no  other 
basis. 

The  Rescue  Station  here  receives  our  hearty  approval  and  support,  for 
we  welcome  any  step  which  leads  to  the  prevention  of  accidents  or  relief 
of  suffering. 

At  the  close  of  the  responses,  letters  of  regret  on  account  of  unavoid- 
able absence  and  of  appreciation  of  the  opportunities  offered  by  the 
ue  Station  were  read  from  T.  L.  Lewis,  President  of  the  United  Mine 
Workers  of  America;  William  Green,  President  of  the  United  Mine 
Workers  of  Ohio ;  Walton  Rutledge,  of  the  Illinois  Mine  Inspection  Ser- 
vice:  I'.  J.  Norwood,  State  Geologist  and  Mine  Inspector  of  Kentucky; 
W.  J.  Siefert,  general  manager  of  the  Southern  Indiana  Coal  Company; 
W.  W.  Williams.  State  Mine  Inspector  of  Illinois;  David  Ross,  Secretary 
of  the  State  Bureau  of  Labor  Statistics,  and  A.  C.  Lane,  State  Geologist 
of  Michigan. 

Dean  Goss  then  explained  briefly  the  objects  of  the  Rescue  Station  and 
stated  that  its  services  would  be  rendered  free  of  charge  to  miners  ancf 
coal  operators  of  this  and  other  States,  in  cooperation  with  the  State 
Geological  Survey  and  the  College  of  Engineering  of  the  University  of 
Illinois.  In  concluding  he  introduced  R.  Y.  Williams.  Mining  Engineer 
of  the  U.  S.  Geological  Survey,  in  charge  of  the  rescue  station  work,  who 
outlined  the  work  of  the  station  more  in  detail  and  exhibited  and 
explained  the  working  of  the  Draeger  oxygen  helmet.  The  meeting  then 
adjourned  to  the  Rescue  Station  and  witnessed  a  practical  demonstration 
of  the  use  of  the  helmet  in  rescue  work. 

EVEXIXG  SESSIOX,  MR.   G.   W.   TRAER,  PRESIDING. 

The  meeting  was  called  to  order  at  8:00  o'clock.  Mr.  Traer  intro- 
duced Dr.  J.  A.  Holmes,  Chief  of  the  Technologic  Branch,  U.  S.  Geo- 
logical Survey,  who  spoke  on  The  Efforts  of  the  Government  to  Prevent 
Mine  Explosions.  Extracts  from  this  address  will  be  found  on  page  310. 

At  the  close  of  the  formal  address  Dr.  Holmes  showed  a  few  slides 
illustrative  of  the  rescue  station  and  general  mining  work. 

Mr.  Traur  then  introduced  E.  W.  Parker,  Statistician  of  the  U.  S. 
Geological  Survey,  who  gave  interesting  extracts  from  a  paper  given  in 
full  on  page  31o!  on  the  Coal  Fields  of  the  United  States. 

The  last  speaker  of  the  evening  was  Mr.  G.  S.  Rice,  Mining  Engineer, 
U.  S.  Geological  Survey.  His  paper,  entitled  Work  of  Foreign  Mining 
Explosion  Stations,  is  presented  on  pages  317  to  3'26.  The  speaker 
showed  various  slides  of  the  rescue  stations  situated  in  European 
countries  which  he  and  Dr.  Holmes  had  visited.  The  same  line  of  work 
will  be  carried  on  at  the  Urbana  Rescue  Station,  and  at  other  stations 
established  in  this  country. 

At  the  close  of  Mr.  Rice's  address  the  meeting  adjourned  for  an  infor- 
mal reception  held  in  the  offices  of  the  M.  E.  Department. 
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FRIDAY,  MARCH  12TH. 

MORNING  SESSION,   MR.   RICHARD  NEWSAM,   PRESIDING. 

The  third  meeting  of  the  conference  was  called  to  order  in  the  chem- 
istry building  at  9  :30  A.  M.  by  Dr.  H.  Foster  Bain,  Director  of  the  State 
Geological  Survey.  Prof.  W.  S.  Bayley,  of  the  Geological  Department 
at  the  University,  was  introduced  to  present  an  illustrated  lecture  on 
"The  Origin  of  Coal." 

Dr.  Bayley  discussed  the  evidence  presented  by  our  coals;  their  geo- 
graphic relations;  composition,  and  fossil  content.  The  plant  remains 
especially  indicate  that  the  coal  lias  been  produced  by  bacterial  decay 
and  accompanying  changes  operating  on  buried  forest  beds.  These  lay 
in  comparatively  stagnant  water  at  or  near  sea  level.  It  is  believed  that 
certain  coals,  such  as  cannel,  were  formed  by  decay  of  simple  one-celled 
plants  of  the  Alga  type ;  while  others  were  derived  from  tree-like  plant?. 
The  progressive  change  by  loss  of  volatile  matter  from  wood  to  peat,  and 
to  lignite,  bituminous  and  anthracite  coal  was  described  in  detail. 

Dr.  C.  W.  Balke  was  the  next  speaker  to  be  introduced.  The  subject 
of  his  address  was  "The  Chemistry  of  Explosives." 

An  explosive  is  a  compound  or  mixture  which  is  capable  of  rapid 
decomposition  or  combination  attended  by  an  evolution  of  a  large  quan- 
tity of  gas  in  a  more  or  less  highly  heated  condition.  After  illustrating 
the  nature  of  a  compound  and  a  mixture  through  the  decomposition  of 
mercuric  oxide  and. the  combination  of  sulphur  and  iron,  Dr.  Balke  took 
up  explosives  in  the  order:  gases,  liquids,  and  solids.  The  explosion  of 
gas  mixtures  was  illustrated  by  the  combination  of  hydrogen  with 
oxygen,  and  the  effect  of  the  concentration  of  the  oxygen  on  the  violence 
of  the  explosion  was  illustrated  by  the  explosion  of  hydrogen  with  air 
and  with  pure  oxygen.  Nitro  glycerin  was  mentioned  as  the  only  liquid 
explosive  of  commercial  importance.  Solid  explosives  are  either  com- 
pounds or  mixtures,  gun  cotton  being  an  example  of  the  former,  and 
gun  powder  of  the  latter.  The  action  of  gun  powder  was  illustrated  by 
exploding  various  mixtures  containing  potassium  chlorate.  The  explo- 
sion is  explained  by  the  fact  that  the  potassium  chlorate  easily  furnishes 
a  large  quantity  of  oxygen  for  the  combustion  of  the  other  components 
of  the  mixture.  Nitrogen  iodide  was  used  to  illustrate  explosions  due 
to  decomposition  in  the  case  of  solids. 

Following  Dr.  Balke's  address,  Dr.  Bain  introduced  Mr.  Richard 
Newsam,  regular  chairman  of  the  third  session  of  the  conference.  Mr. 
Newsam  replied  as  follows: 

Gentlemen — I  have  enjoyed  Dr.  Balke's  address  on  explosives  because 
it  is  a  subject  in  which  all  are  interested.  I  am  pleased  to  be  present  at 
this  conference  because  its  purpose  and  the  interest  of  the  miners  and 
operators  are  both  for  human  good.  It  is  a  special  pleasure  to  see  Dr. 
Holmes  and  to  note  the  beginning  of  the  cooperation  between  the  Gov- 
ernment and  the  States.  I  am  glad,  too*,  that  the  Eescue  Station  in 
the  middle  west  has  been  established  at  the  University  of  Illinois  and 
that  the  efforts  of  the  faculty  of  the  College  of  Engineering  has  been 
enlisted  in  its  interest.  It  is  well  that  we  have  with  us  Mr.  Stoek  of 
"Mines  and  Minerals,"  because  of  his  work  and  travel  over  the  whole 
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-world  in  behalf  of  the  Scranton  Correspondence  School  of  Mines.  Gen- 
eral cooperation  of  the  public,  the  technical  press,  the  scientists,  the  min- 
ers, the  operators,  the  state  and  the  government  is  necessary  for  success  of 
this  great  movement,  All  acting  together  should  so  shape  legislation  that 
the  best  results  from  this  work  may  be  obtained.  While  much  valuable 
information  can  be  obtained  in  connection  with  mine  explosives,  their 
causes  and  prevention,  from  laboratory  study  and  experiment,  one  must 
not  forget  that  the  laboratory  and  the  mine  are  different  and  all  the 
conditions  prevailing  in  the  latter  cannot  be  reproduced  in  the  former. 
I  therefore  most  heartily  approve  of  Dr.  Holmes'  intention  to  establish 
a  small  actual  mine  for  experimental  purposes  where  explosions  can  be 
studied  first  hand.  It  is  desirable  to  extend  the  work  of  the  Geological 
Survey  in  the  mines  and  to  begin  at  the  face  and  strike  at  the  real  roots 
of  the"  trouble,  for  I  regret  that  more  explosives  per  ton  of  coal  are  used 
in  Illinois  than  elsewhere.  Even  under  the  better  prevailing  conditions 
in  Illinois  as  to  character  of  roof,  amount  of  gases  and  the  good  ventila- 
tion, this  practice  shows  its  deplorable  results  in  an  increased  number 
of  fatalities  in  the  mines.  Increased  use  of  explosives  cannot  be  indulged 
in  without  increase  of  explosions  and  accidents.  I  firmly  believe  there 
is  benefit  to  be  derived  from  the  rescue  movement  and  hope  to  live  to 
see  the  practical  results  of  the  present  meeting. 

Mr.  Xewsam  then  introduced  Mr.  James  Taylor.  State  Mine  Inspec- 
tor of  Illinois,  who  spoke  on  "Explosions."  This  interesting  paper 
appears  on  pages  327  to  330. 

The  chairman  next  introduced  Mr.  James  Epperson,  Chief  Mine 
Inspector  of  Indiana,  whose  remarks  follow: 

In  Indiana,  coal  mine  explosions  arise  from  three  causes:  First. 
Fire-Damp;  second,  Explosives;  third,  Lack  of  Discipline.  The  third 
cause,  of  course,  is  closely  related  to  the  first  and  second.  Contributory 
causes  are:  The  use  of  fuse  in  shot-firing;  larsre  drill  holes;  inflamma- 
ble tamping  material;  overcharged  shots;  and  the  firing  of  shots  in  too 
rapid  succession. 

We  are  all  familiar  with  instances  in  which  some  miners  are  indiffer- 
ent to  the  results  of  their  actions,  either  to  themselves  or  others.  We 
have  frequently  seen  disastrous  results.  On  the  other  hand,  the  occa- 
sional mine  in  which  laudable  conditions  prevail  in  handling  explosives 
assures  us  that  such  conditions  are  nowhere  beyond  attainment. 

The  laws  governing  the  size  of  drill  holes,  the  amount  of  powder  per 
charge,  the  use  of  fuse,  of  proper  material  with  which  to  tamp,  and  the 
proper  regulation  of  the  firing  are  not  and  can  not  be  entirely  effective. 
However,  such  laws  accomplish  some  good  and  are  in  the  right  direction. 
Indiana  is  glad  of  its  laws  limiting  the  size  of  drill  holes  to  2^  inches, 
and  the  maximum  charge  of  powder  to  six  pounds  per  hole,  though  even 
a  smaller  charge  is  desirable.  Also,  we  have  a  law  prohibiting  the  open- 
ing of  powder  cans  with  picks. 

Following  Mr.  Epperson,  Mr.  Joan  Terner,  State  Mine  Inspector  of 
Iowa,  was  introduced,  and  contributed  to  the  discussion  of  explosions. 
His  paper  is  found  on  pages  331  and  332. 

At  the  close  of  Mr.  Verner  s  paper,  the  conference  adjourned  to  take 
up  further  discussion  of  the  subject  at  the  next  session. 
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AFTERNOON  SESSION,  PROF.   L.  P.  BREiCKENRIDGE,  PRESIDING. 

On  account  of  the  lateness  of  the  hour  the  morning  session  had 
adjourned  without  finishing  the  discussion  of  mine  explosions.  It  was 
therefore  decided  to  continue  this  discussion  and  delay  the  consideration 
of  smoke  prevention  for  a  short  time. 

Prof.  Breckenridge  introduced  Carl  Scholz,  of  the  Coal  Valley  Mining 
Company. 

Mr.  ticho'h — After  all  of  the  discussion  that  has  gone  before  there 
does  not  seem  to  be  much  ammunition  left  for  me.  However,  there  are 
a  few  things  which  have  occurred  to  me  that  I  should  like  to  say. 

Mr.  Taylor  in  his  address  this  morning  stated  that  there  was  practi- 
cally no  spraying  in  the  mines  in  this  country  today.  I  may  say  that 
the  Coal  Valley  Mining  Company  is  devoted  to  this  practice  and  further 
that  we  are  having  no  explosions  or  accidents. 

There  are  three  things  that  cause  explosions:  gas  and  dust,  or  both, 
and  careless  use  of  explosives.  There  are  a  number  of  conditions  that 
must  be  watched,  and  among  the  most  important  is  the  humidity  of  the 
air.  I  know  that  spraying  has  prevented  explosions  in  the  Oklahoma 
mines,  but  what  is  good  for  Oklahoma  may  not  be  so  good  for  Illinois. 
Moisture  or  sweat  may  not  always  prevent  explosions,  but  it  often  does. 

With  reference  to  the  systems  of  ventilation  I  am  very  much  in  favor 
of  the  suction  fans  instead  of  the  force  fans. 

The  manufacturers  must  supply  a  better  and  more  uniform  grade  of 
powder,  and  in  this  connection  more  careful  inspection  must  be  insisted 
upon. 

It  must  be  recognized  by  this  time  that  the  mine  run  basis  of  mining 
coal  must  be  done  away  with.  This  means  a  conflict  with  the  miners' 
organization,  but  it  must  come  sooner  or  later.  A  great  many  disasters 
are  brought  about  by  the  abuse  of  this  system. 

Mr.  Newsam — Force  fans  are  better  than  exhaust  fans  because  of  the 
forced  air  currents. 

Mr.  Parker — Has  Mr.  Taylor  any  data  on  the  fatalities  due  to  the 
different  methods  of  shooting  coal  ? 

Mr.  Taylor — Coal  reports  give  data  on  fatalities  with  different  methods 
of  shooting.  Mines  and  Minerals,  during  the  course  of  the  year  1900 
gave  very  complete  data  on  this  subject. 

Mr.  tfrliah — Did  Mr.  Verner  take  readings  to  determine  the  hygro- 
metric  condition  of  the  atmosphere  or  air  currents  in  connection  with 
the  data  which  he  reported  this  morning? 

Mr.  Verner — It  was  not  considered  of  importance  that  these  readings 
be  taken,  as  the  moisture  determinations  in  my  opinion  are  extraneous. 

Mr.  Stoek — During  the  visit  of  Herr  Meisner  to  this  country  in  his 
numerous  addresses  he  dwelt  repeatedly  upon  the  importance  of  sprink- 
ling and  the  care  of  explosives  as  tending  toward  the  prevention  of 
explosions  and  accidents. 

Mr.  Scholz — It  is  my  opinion  that  it  is  the  alternate  changes  from  wet 
to  dry  and  vice  versa  that  cause  the  damage  to  mine  roofs. 
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Mr.  Hire — "My  observation  in  Germany  in  two  mines  that  I  was  per- 
mitted to  visit  was  .that  there  is  a  great  deal  of  spraying  being  done.  A 
standard  temperature  of  55°  Fahrenheit  is  generally  approved  and  this 
temperature  has  been  adopted  in  our  tests  at  Pittsburg  as  the  standard 
mine  temperature.  We  have  made  a  great  many  careful  experiments 
at  Pittsburg  bearing  upon  the  importance  of  determining  the  hygro- 
inetric  condition  of  the  air  currents  and  many  interesting  results  have 
been  obtained.  However,  we  are  not  yet  ready  to  say  that  our  opinions 
are  conclusive  or  final.  We  use  a  Schutte  &  Koerting  aspirator  for  con- 
trolling our  air  supply.  Experiments  have  been  made  in  our  test  plant 
with  and  without  coal  dust  and  with  varying  degrees  of  moisture.  It  is 
determined  beyond  a  doubt  that  the  presence  of  moisture  depresses  the 
flame  and  the  intensity  of  the  explosion.  With  twenty  pounds  of  dust 
distributed  along  the  passageway  we  have  noted  a  flame  of  from  40  to  60 
feet  in  length  following  the  explosion.  There  is  a  great  deal  of  good 
to  be  gained  from  the  careful  study  of  the  moisture  conditions  of  the 
air  currents.  The  effect  of  the  moisture  is  clear  in  that  the  explosion 
must  give  up  its  heat  to  evaporate  the  moisture  in  the  air. 

Mr.  Scu'sam — I  am  opposed  to  sprinkling  a  shale  roof.  It  is  impos- 
sible to  maintain  a  constant  condition  of  humidity. 

Prof.  Breckenridge — I  shall  ask  the  audience  to  support  me  in  pass- 
ing to  the  next  section  of  our  afternoon's  program. 

Mr.  Traer  opposed  this  move  on  the  ground  that  there  was  great  good 
to  be  gained  from  the  discussion  and  that  the  subject  should  not  be  left 
half  done.  "Better  do  one  thing  well  than  two  unsatisfactorily." 

After  some  little  discussion  it  was  agreed  by  the  vote  of  those  present 
to  pass,  to  the  next  subject. 

&moke  Suppression. 

After  remarks  bearing* upon  the  work  of  the  University  Experiment 
Station  tests  Prof.  Breckenridge  introduced  Dr.  W.  A.  Evans,  commis- 
sioner of  health  of  Chicago,  who  presented  a  very  interesting  paper  on 
the  subject  from  the  physicians"  point  of  view.  The  address  is  printed 
on  pages  333  to  337. 

At  the  close  of  Commissioner  Evans'  paper,  Mr.  Paul  J.  Bird,  Chief 
Smoke  Inspector  of  Chicago,  gave  a  brief  addivss.  bearing  upon  the  situa- 
tion in  the  city  of  Chicago.  He  said,  in  part :  "I  should  like  to  make 
a  plea  on  behalf  of  the  small  steam  plant.  It  is  here  that  we  must  look 
for  trouble  in  the  matter  of  smoke  suppression.  There  is  no  great 
trouble  in  the  large  plant,  as  means  of  solving  the  problem  is  at  hand  in 
most  ca> 

Illinois  is  a  great  industrial  State.  In  1907  the  value  of  her  manu- 
factured product  was  1,600  million  dollars,  more  than  three  times  the 
value  of  the  agricultural  products.  Most  of  this  great  amount  of  manu- 
factured product  is  made  in  factories  and  shops  operated  from  a  small 
steam  plant  of  about  100  horsepower.  Eighty-five  per  cent  of  the  power 
installed  in  the  city  of  Chicago  where  900  of  the  1,600  million  dollars 
worth  of  products  is  manufactured  is  in  small  plants,  of  less  than  200 
boiler  horse-power  capacity. 
-20  G 
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In.  the  small  plants  the  problem  of  proper  setting  of  boilers  cannot 
be  expected  to  receive  the  same  consideration  as  in  a  large  plant.  The 
boilers  are  set  just  the  same  in  Chicago  for  burning  soft  coal  as  in  the 
east  where  hard  coal  is  burned  almost  exclusively. 

We  are  very  glad  to  report  that  great  strides  have  been  made  in  Chi- 
cago, and  for  this  we  are  indebted  to  Dr.  Evans  and  a  few  others  who 
have  been  our  loyal  supporters." 

Prof.  Breckenridge — The  University  stands  ready  and  anxious  to  help 
in  this  work  but  we  are  handicapped  by  a  lack-  of  money.  The  manu- 
facturing interests  and  the  miners  must  help  to  impress  the  great  import- 
ance of  the  subject  upon  the  minds  of  the  people. 

I  now  have  the  pleasure  of  presenting  Mr.  Bement,  who  knows  a  lot 
more  about  this  subject  than  most  of  us.  Mr.  Bement's  remarks  are 
printed  on  page  338. 

On  account  of  the 'nearness  to  the  time  when  many  of  the  delegates 
found  it  necessary  to  leave,  Mr.  Traer  begged  permission  to  submit  this 
resolution  for  the  consideration  of  the  meeting : 

Resolved,  that  it  is  the  sense  of  this  conference  that  another  and  similar 
conference  be  held,  and  that  to  that  end  the  Illinois  Coal  Operators  Associa- 
tion and  the  United  Mine  Workers  of  Illinois  and  the  Illinois  State  Mine  In- 
spectors be  requested  to  each  appoint  one  representative  to  act  on  a  com- 
mittee with  a  representative  of  the  University  and  with  Inspector  Epperson 
of  Indiana  and  Inspector  Verner  of  Iowa,  which  committee  shall  arrange  the 
time  and  place  of  the  next  conference. 

The  resolution  carried. 

Prof.  Breckenridge  presented  Mr.  I\.  H.  Kuss,  the  Assistant  Smoke 
Inspector  of  Chicago,  who  presented  his  paper  on  measures  and  methods 
for  the  suppression  of  smoke.  He  said,  in  part : 

"The  city  of  Chicago  will  never  drive  out  Illinois  coals  from  its  limits 
by  its  smoke  ordinances.  On  the  other  hand  it  will  improve  the  market 
by  making  screenings  and  washing  necessary  for  its  use  in  Chicago 
power  plants.  The  progress  that  has  already  been  made  in  the  efforts 
at  smoke  prevention  has  resulted  in  much  greater  care  being  exercised 
in  the  installation  of  new  plants.  The  agitation  has  resulted  in  the  dis- 
appearance of  many  fakes  who  hitherto  frequented  the  market  of  power 
plant  appliances.  Economy  in  plant  operation  has  been  brought  about 
by  the  scientific  treatment  of  boiler  room  problems;  cheaper  coals  have 
become  of  very  general  use.  The  problem  has  become  so  important  that 
the  field  had  attracted  men  of  great  engineering  skill,  and,  as  has  been 
said  before,  there  has  been  a  remarkable  development  along  the  line  of 
power  plant  accessories." 

After  these  remarks  the  meeting  adjourned. 

EVENING   SESSION,    PEOFESSOR   S.    W.    PARR,    PRESIDING. 

Professor  Parr,  introduced  the  first  speaker  of  the  evening,  Mr.  H.  H. 
Stoek,  Editor  of  Mines  and  Minerals,  whose  subject  was  "First  Aid  Work 
in  the  Anthracite  Mines."  This  interesting  address  was  accompanied  by 
many  excellent  lantern  slides,  and  unfortunately  cannot  be  creditably 
printed  without  illustrations. 
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At  the  conclusion  of  Mr.  Stock's  address  the  chairman  introduced 
W.  F.  M.  Goss,  Dean  of  the  College  of  Engineering,  whose  address  on 
the  "College  of  Engineering  and  the  Mining  Interests  of  the  State  of 
Illinois''"  is  given  on  page  340. 

At  the  close  of  Dean  Goss"  address,  Professor  Parr  announced  that 
as  the  time  was  growing  late  and  as  there  were  a  number  of  speakers  yet 
to  be  heard  he  would  be  glad  if  each  speaker  would  confine  himself  as 
closely  as  consistent  to  the  time  limits  of  five  minutes.  In  compliance 
with  this  request  Mr.  L.  P.  Breckenridge,  Director  of  the  Engineering 
Experiment  Station,  outlined  very  briefly  the  salient  points  of  his  ad- 
dress "The  Work  of  the  University  of  Illinois  Engineering  Experiment 
Station/*'  stating  in  conclusion  that  he  would  submit  to  the  secretary 
of  the  meeting  a  copy  of  his  paper.  The  paper  follows  on  page  342. 

Mr.  A.  Bement,  Consulting  Engineer  of  Chicago,  was  introduced  and 
spoke  on  "Smoke  Suppression,"  as  printed  on  page  338. 

Mr.  D.  T.  Randall,  Engineer,  Technologic  Branch  of  the  U.  S.  Geolog- 
ical Survey  presented  a  useful  paper  on  "Coals  for  Boiler  Plants."  It 
is  printed  on  page  351. 

Mr.  R.  H.  Kuss,  Smoke  Inspector  of  Chicago,  the  next  speaker  intro- 
duced gave  a  very  interesting  talk  the  gist  of  which  was  concerned  with 
the  fact  that  if  the  consumers  of  coal  would  give  more  thought  to  coal 
as  a  means  of  generating  steam  it  would  afford  a  place  for  a  larger  per 
cent  of  saving  than  in  any  other  field  of  activity.  He  was  sure  that 
many-  even  large  consumers  of  coal,  thought  nothing  of  its  importance; 
their  whole  attention  being  given  to  the  output  of  the  plant,  be  it  shoes 
or  dry  goods  or  laundry.  Such  manufacturers  were  careful  and  eager 
to  effect  economy  wherever  possible  except  in  their  manner  of  burning 
coal,  where  leaks  in  cost,  like  Tennyson's  brook,  ran  on  forever.  In 
short,  he  said  the  consumers,  both  large  and  small,  should  think  of 
burning  as  a  means  of  producing  steam  and  not  as  a  means  of  producing 
boots  and  shoes. 

In  the  absence  of  two  of  the  speakers  of  the  evening  Dr.  Holmes  re- 
quested permission  to  add  a  few  words  in  connection  with  the  rescue 
work  as  it  would  be  necessary  for  him  to  leave  the  city  immediately  after 
the  close  of  the  session  and  that  he  would  not  be  able  to  attend  the  sixth 
and  final  session.  Dr.  Holmes  remarks  are  printed  on  page  359. 

Following  Mr.  Holmes,  Mr.  E.  H.  Taylor  of  Chicago  gave  a  short  talk 
on  the  econmic  burning  of  fuel  in  small  plants.  It  is  printed  on  page 
361. 

Mr.  Carl  Scholz  addressing  the  chairman  said  that  the  suggestion  of 
Mr.  Holmes  in  regard  to  the  establishment  of  a  Department  of  Mines  in 
the  University  of  Illinois  seemed  to  be  good  and  in  accordance  with  it 
he  wished  to  place  the  following  motion :  The  Fuel  Conference  now  in 
session  at  the  University  of  Illinois  realizes  the  necessity  of  the  estab- 
lishment of  a  mining  department  in  connection  with  the  University  and 
it  is  hereby  resolved  that  a  committee  of  nine  be  appointed  to  call  upon 
the  Legislature  now  in  session  to  urge  the  prompt  establishment  of  this 
department  and  the  provision  of  the  necessary  funds  for  its  operation. 
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That  the  nine  committeemen  be  composed  of  three  coal  operators  repre- 
senting the  Illinois  Coal  Operators'  Association,  three  miners  to  repre- 
sent the  United  Mine  Workers'  of  America  and  three  mine  inspectors 
of  Illinois. 

Mr.  Scholz's  motion  was  seconded  by  Mr.  Gordon  Buchanan  and  the 
motion  was  unanimously  adopted.  Dr.  Holmes  moved  that  the  selection 
of  the  committee  called  fo<r  by  the  previous  motion  be  left  to  maker  and 
seconder  of  the  resolution.  This  motion  was  also  seconded  and  unani- 
mously carried.. 

Mr.  A.  Bement  of  Chicago  moved  to  amend  the  original  motion  as 
follows :  That  the  committee  be  composed  of  twelve  members  including 
the  members  above  and  three  manufacturers  to  represent  the  Illinois 
Manufacturers'  Association.  This  motion  was  also  seconded  and  car- 
ried. 

The  meeting  concluded  by  a  short  address  by  Mr.  J.  M.  Snodgrass  on 
"House  Heating  Furnaces."  Mr.  Snodgrass  said  briefly  that  the  idea 
proposed  by  Mr.  Taylor  was  the  idea  that  gave  the  basis  for  his 
paper  and  the  work  that  he  and  his  assistants  were  doing  in  the  Engin- 
eering Experiment  Station.  An  outline  of  the  paper  follows  on  page  362. 

SATURDAY,    MARCH    13,    MORXIXG    SESSIOX,    DR.    U.    S.    GRAXT,    PRESIDING. 

The  sixth  and  last  session  of  the  Conference  was  called  to  order  at 
9  :30.  The  Chairman  introduced  Dr.  George  Otis  Smith,  Director  of  the 
U.  S.  Geological  Survey,  who  spoke  on  the  U.  S.  Geological  Survey, 
and  the  Fuel  Eesources  of  the  Country.  The  paper  will  be  found  on 
pages  365  to  369. 

The  second  speaker  was  Dr.  H.  Foster  Bain  who  spoke  on  the  State 
Geological  Survey  and  the  Fuel  Interests  of  the  State.  Dr.  Bain's  ad- 
dress is  printed  on  pages  370  to  372. 

The  last  address  of  the  Conference  was  presented  by  Dr.  N".  W.  Lord, 
Director  of  the  School  of  Mines,  Ohio  State  University.  Dr.  Lord  spoke 
on  Coal  Analysis.  His  able  presentation  of  the  subject  is  printed  on 
pages  373  to  379. 

At  the  close  of  Dr.  Lord's  address,  Professor  Parr  made  the  following 
remarks : 

I  have  sat  too  long  at  the  feet  of  Professor  Lord  as  an  authority  in 
matters  pertaining  to  coal  analysis  to  presume  to  criticize  the  paper. 
Indeed,  the  various  points  have  been  covered  in  such  an  excellent  manner 
that  I  trust  the  address  will  be  made  available  for  reference  by  publica- 
tion. 

I  wish  to  call  attention  to  one  point  which  the  author  has  referred  to 
but  briefly,  and  it  seems  to  me  too  modestly.  This  point,  I  think,  should 
receive  somewhat  more  extended  remark ;  and  that  is,  the  matter  of  the 
constant  character  of  the  actual  coal  substance.  It  should  be  noted  in 
this  connection  that  the  first  reference  to  this  fact  was  made  by  Professor 
Lord  and  Mr.  Haas  as  a  result  of  work  done  by  them  in  1897.  and  pub- 
lished in  the  Transactions  of  the  American  Institute  of  Mining  En- 
gineers for  1898.  From  the  data  as  obtained  by  them  up  to  that  time 
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they  seemed  to  be  warranted  in  formulating  the  statement  that  for  a 
given  mine  or  a  given  locality  the  fuel  value  for  the  actual  coal  substance 
was  a  constant.  This  is  a  matter  which  is  coming  to  have  more  and 
more  significance  as  the  matter  of  coal  specifications  and  the  scientific 
study  of  coal  problems  proceeds. 

It  may  be  worth  mentioning  in  this  connection  that  this  conference  is 
somewhat  unique  in  that  we  have  present  practically  all  the  investigators 
upon  this  special  topic  of  the  properties  and  heat  values  of  the  actual 
or  pure  coal  substance.  I  may  call  attention  to  the  fact  that  Professor 
Xoyes,  Director  of  this.  Laboratory,  carried  on  investigations  contemp- 
oraneously with  that  of  Lord  and  Haas  and  arrived  at  substantially  the 
same  conclusions.  The  results  of  his  work  were  published  a  few  months 
later  than  those  of  Lord  and  Haas.  The  facts  thus  brought  out  re- 
ceived but  little  attention,  and  practically  lay  dormant  until  taken  up 
by  Mr.  Bement,  who  is  also  present,,  and  it  is  largely  due  to  his  insistence 
as  to  the  value  of  this  fact  that  the  matter  has  received  more  practical 
consideration  in  recent  years.  It  should  also  be  said  that  Mr.  E.  H. 
Taylor  of  the  Fuel  Engineering  Company  of  Chicago  has  worked  along 
this  same  line  from  the  coal  inspection  standpoint,  and  has  added  to  its 
value  by  the  data  which  he  has  assembled  as  well  as  verified  in  the  daily 
routine  of  coal  inspection.  In  our  own  investigations  in  this  laboratory, 
wt-  have  also  been  working  along  the  same  line,  and  the  results  which 
we  have  obtained  will  shortly  appear  as  a  bulletin  of  the  Engineering 
Experiment  Station  under  the  title  of  "Unit  Coal  and  the  Composition 
<>{'  C'oal  Ash."  One  more  feature  concerning  the  men  assembled  should 
not  pass  without  mention,  and  that  is  the  fact  that  a  very  large  contribu- 
tion to  the  data  and  conclusions  brought  to  crystallization  is  due  to  the 
high  grade  of  work  of  Mr.  Summermeir  of  Professor  Lord's  Laboratory, 
and  Mr.  TV.  F.  Wheeler  in  my  own  laboratory,  who  are  both  also  present 
in  this  conference.  I  think  these  facts  are  worth  mentioning,  not  only  as  a 
unique  feature  of  this  meeting,  but  as  an  historical  element  in  the  de- 
velopment of  this  point  which  I  believe  we  only  partially  appreciate  ajb 
the  present  time. 
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ADDRESSES  BEFORE  THE  CONFERENCE. 

MINING  EXPLOSIONS — WHAT  THE  GOVERNMENT  is  DOING  TO  PREVENT 

THEM. 

(By  Dr.  Joseph  A.  Holmesj  Chief  of  the  Technologic  Branch,  U.  S.  Geological  Survey,  AVashington,  D.  C.) 


G-ENTLEMEN — "The  statement  made  this  afternoon  that  cooperation 
is  the  only  means  of  accomplishing  results  should  be  emphasized.  By 
cooperation  is  meant  not  only  that  between  individuals  and  corpora- 
tions but  that  between  governments  and  different  branches  and  depart- 
ments of  the  same  government.  In  the  past,  governments  were  chiefly 
interested  in  the  narrow  interpretation  of  their  duties  laid  down  for 
them  briefly  in  the  statement  that  they  were  to  protect  the  life  and 
happiness  of  their  subjects.  Only  within  recent  years  have  they  consid- 
ered it  a  part  of  >  their  duty  to  protect  the  lives  of  miners  against  ac- 
cident. Carrying  out  the  idea  of  the  broader  function  of  the  government 
different  bureaus  have  been  established  and  the  work  subdivided  among 
different  departments.  Among  these  the  comparatively  new  department 
of  agriculture  has  set  a  pace  beyond  the  capacity  of  the  other  depart- 
ments to  follow.  It  carries  at  the  present  time  an  appropriation  of  thir- 
teen millions  of  dollars  and  has  48  experiment  stations  located  in  as 
many  different  states. 

Fifty  years  ago  the  U.  S.  Geological  Survey  started-  the  work  which 
bears  directly  upon  the  mining  interests,  but  only  recently,  that  is  within 
the  last  year,  has  it  taken  up  the  line  of  work  bearing  on  the  protection 
of  miners'  lives.  The  great  conservation  movement  of  President  Roose- 
velt's administration  includes  not  only  the  conservation  of  resources  and 
property  but  life  as  well.  When  we  consider  that  75,000  persons  were 
killed  by  accident  last  year  the  necessity  of  safeguarding  human  life  in 
the  rush  and  turmoil  of  the  present  day  is  apparent, 

The  states  and  the  federal  government  must  cooperate  here.  The 
federal  government  is  now  gathering  and  disseminating  information  on 
important  subjects  and  this  work  should  be  done  by  the  federal  govern- 
ment because  the  burden  of  the  work  which  benefits  all  of  the  states 
should  not  be  borne  by  any  single  state.  Furthermore,  if  the  work  should 
be  undertaken  by  individual  states  there  would  necessarily  be  much 
duplication  of  equipment  and  of  effort,  and,  consequently  increased  ex- 
pense. There  should  also  be  cooperation  with  other  countries  to  avoid 
international  duplication  of  effort.  There  is  no  possible  ground  for 
conflict  between  the  federal  government  and  the  individual  interests  of 
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the  states.  The  government -collects  and  disseminates  information.  The 
application  of  this  information  by  intelligent  inspection  and  supervision 
lies  wholly  within  the  province  of  the  states. 

At  present  the  Technologic  branch  of  the  U.  S.  Geological  Survey  is 
engaged  in  collecting  statistics  in  regard  to  mine  explosions.  In  the 
early  days  few  men  were  killed  in  mine  explosions  as  comparatively  few 
men  were  employed  in  that  line  of  work.  At  the  present  time  more 
men  are  employed,  greater  speed  in  mining  is  demanded,  dust,  gas  and 
other  causes  contributing  to  explosions  have  increased,  and  consequently 
the  number  of  deaths  due  to  mine  explosions  have  increased  greatly. 
Preventive  measures  have  been  in  general  of  a  twofold  character;  first, 
a  L-areful  inspection  of  mines;  second,  a  study  of  the  causes  of  mine  ex- 
plosions. Past  experience  has  shown  that  investigation  of  causes  has 
reduced  disaster  more  than  stringent  legislation  in  regard  to  mine  oper- 
ation. In  this  country  on  account  of  the  growth  of  the  coal  industry  and 
the  increase  in  number  of  men  employed  the  death  rate  has  steadily 
increased. 

Some  idea  of  the  rapid  growth  of  the  mining  industry  may  be  gleaned 
from  the  fact  that  the  output  of  the  mines  from  1895  to  1905  was  prac- 
tically equal  to  the  output  from  1815  to  1895.  It  is  a  fact  that  the  out- 
put of  any  decade  has  been  approximately  equal  to  the  output  from 
1815  to  the  beginning  of  that  period.  Owing  to  this  exceedingly  rapid 
growth  the  mining  industry  is  not  at  present  an  organized  industry 
Coal  operators  have  been  too  busy  for  organization. 

The  demand  for  fuel  has  been  so  insistent  that  only  the  coal  which 
could  be  mined  easily  could  be  mined  at  all.  Sufficient  labor  has  been 
difficult  to  obtain  and  foreign  labor  has  been  largely  used.  As  other 
countries  were  employing  their  own  skilled  labor  only  the  untrained 
and  unskilled  men  were  left  for  the  mines  of  the  United  States.  Many 
can  speak  no  English  and  it  is  difficult  to  convey  any  information  to 
them.  This  unskilled  labor  together  with  the  increased  speed  of  trans- 
portation and  increased  use  of  explosives  makes  the  death  rate  in  the 
United  States  2l/2  times  that  in  European  countries.  In  European 
countries  too,  the  price  of  coal  f.  o.  b.  cars  at  mine  is  $1.75  to  $2.00  per 
ton.  In  America  it  is  much  lower.  Consumers  must  pay  more  for  their 
fuel  in  the  future  and  learn  to  use  it  more  carefully  and  effectively. 

In  the  matter  of  explosives  the  government  has  at  the  present  time, 
no  effective  supervision  of  their  manufacture  and  use.  No  tests  have 
been  made  as  to  their  effect  on  the  gases  in  the  mine.  However,  at  the 
present  time  stations  are  being  established,  the  principal  one  of  which  is 
located  at  Pittsburgh.  The  following  lines  of  work  are  being  taken  up 
there : 

1.  A  test  of  all  explosives  at  present  on  the  market;  the  results  of 
which  are  to  be  published  later  on.  (In  this  work  the  Federal  govern- 
ment does  not  attempt  to  say  that  a  certain  explosive  shall  or  shall  not 
be  used,  but  merely  to  give  the  information  obtained  from  the  tests). 

*2.  A  study  of  the  gases  present  in  mines  as  to  their  source  and  lia- 
bility to  ignition  and  explosion. 

3.     An  examination  of  dusts  to  determine  their  relative  inflammabilitv. 
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4.  A  study  of  various  types  of  safety  lamps. 

5.  The  extent  to  which  electricity  may  be  safely  used  and  the  con- 
ditions under  which  a  spark  will  ignite  dust  and  thus  cause  an  explosion. 

6.  A  study  and  test  of  various  types  of  rescue  apparatus. 

Field  work  is  being  done  in  the  examination  of  localities  where  ex- 
plosions have  occurred  with  a  view  to  determining  the  cause  of  the  ex- 
plosions. As  actual  mining  conditions  cannot  always  be  duplicated  in 
the  laboratory.,  experiment  stations  will  be  established  in  different  mines. 
A  small  mine  will  also  be  devoted  exclusively  to  experimental  work. 
Small  educational  leaflets  will  be  issued  from  time  to  time  which  will 
be  especially  useful  for  local  inspectors  and  fire  bosses  who  come  to  take 
tne  training  work  at  the  rescue  stations. 

In  conclusion  is  should  be  remembered  that  the  success  of  all  this 
work  depends  upon  the  active  cooperation  of  the  investigators,  operators 
and  miners,  and  on  a  sympathetic  public  sentiment  in  the  creation  of 
which  the  State  institutions  like  the  University  of  Illinois  can  be  of  the 
greatest  assistance." 
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COAL  FIELDS  OF  THE  UNITED  STATES. 

(By  Mr.  E.  W.  Parker,  Statistician,  U.  S.  Geological  Survey.) 


INTRODUCTION. 

Ar<  <>rdmg  to  the  estimates  prepared  by  the  U.  S.  Geological  Survey, 
the  area  underlain  by  workable  coal  beds  in  the  United  States  is  496,776 
square  miles.  Of  this  total  area,  480  square  miles  contain  the  entire 
anthracite  coal  fields  of  Pennsylvania.  The  bituminous  coal  fields  are 
estimated  to  be  contained  in  an  area  of  250,051  square  miles.  The  grade 
of  coal  between  bituminous  and  lignite,  and  which  is  designated  by  the 
Geological  Survey  as  "sub-bituminous,"  is  estimated  to  be  contained 
within  areas  aggregating  97,636  square  miles,  while  the  areas  containing 
lignite  aggregate  148,609  square  miles. 

During  the  last  few  years  the  Survey  geologists  have  worked  in  all  of 
these  coal  areas  and  have  also  been  making  careful  estimates  as  to  the 
fluantity  of  coal  contained  in  the  beds  when  mining  first  began.  In 
.making  these  estimates  care  has  been  taken  to  ascertain  how  much  of 
ibe  supply  is  easily  available  and  how  much  is  either  not  available  under 
present  mining  and  market  conditions,  or  is  available  with  extreme  diffi- 
culty. According  to  these  estimates  the  quantity  of  coal  contained  within 
the  known  area  of  the  United  States  when  mining  first  began  was 
3,083,243,000,000  tons.  Of  this  quantity  a  little  less  than  two-thirds, 
or  1.930,018,000,000  tons,  is  considered  as  coal  that  is  easily  access- 
ible or  minable  under  present  conditions,  while  slightly  more  than  one- 
third,  or  1.1.V>.??.\0()0,000  tons,  is  considered  as  non-minable  under 
present  conditions  or  accessible  with  extreme  difficulty.  It  should  be 
remembered,  however,  that  the  quantity  of  coal  given  above  as  easily 
accessible  includes  the  lignites  and  "'sub-bituminous"  coals  of  the  western 
states,  of  which  approximately  530  billion  tons,  while  easily  accessible, 
cannot,  be  considered  available  under  present  conditions,  or  those  which 
may  be  anticipated  in  the  near  future.  This  would  reduce  the  original 
supply  of  easily  accessible  and  available  coal  to  approximately  1,400,- 
000.000,000  tons. 

The  first  mining  of  coal  in  a  commercial  way  in  the  United  States 
was  in  what  is  known  as  the  Richmond  Basin,  a  small  area  in  the  eastern 
part  of  Virginia.  Small  quantities  of  coal  had  been  mined  here  in  the. 
latter  part  of  the  eighteenth  century  and  it  was  also  in  the  latter  part 
of  the  eighteenth  and  the  beginning  of  the  nineteenth  centuries  that 
efforts  were  being  made  to  introduce  anthracite  coal  for  fuel  purposes. 
The  first  actual  records  of  the  production  of  Virginia  coal  were  in  18??, 
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in  which  it  was  reported  that  54,000  tons  were  mined.  In  1820  (two 
years  before)  365  long  tons  of  anthracite  coal,  or  one  ton  for  each  day 
of  the  year,  had  been  shipped  to  distant  markets.  From  these  small 
beginnings  of  less  than  a  century  ago  the  production  of  coal  has  increased 
until  in  1907  the  total  output  of  anthracite  and  bituminous  coal  approxi- 
mated half  a  billion  tons.  In  1837  the  total  production  of  the  United 
States  reached,  for  the  first  time,  a  total  exceeding  one  million  tons,  the 
output,  being  reported  from  four  states  only :  Pennsylvania,  Virginia, 
Kentucky  and  Illinois,  although  Maryland  also  was  producing  a  small 
quantity  of  co-al  at  that  time.  In  1840  the  production  amounted  to  a 
little  over  two  million  tons,  the  output  being  reported  from  thirteen 
states.  Ten  years  later,  in  1850,  the  production  amounted  to  seven  mil- 
lion tons;  in  1860  it  was  over  fourteen  million  tons;  in  1870  over  thirty- 
three  million  tons;  in  1880  over  seventy  million  tons;  in  1890  it  was 
160  million  tons;  in  1900  it  was  nearly  270  million  tons,  and  in  ,1907 
it  was  480  million  tons.  The  aggregate  production  to  the  close  of  1907 
has  amounted  to  6,865,097,567  short  tons. 

Up  to  the  close  of  1845  the  total  production  of  coal  in  the  United 
States  was  27,700,000  short  tons,  and  since  that  time  the  drain  on  the 
supply  has  practically  doubled  with  each  decade.  The  total  production 
to  1845  and  decennially  since  that  time  has  been  as  follows : 


Short  Tons. 

Up  to  1845 

27  677  214 

1846  1855 

83  417  827 

1856-1865 

173  795  014 

1866-1875                                 - 

419  425  104 

1876-1885 

847  760  319 

1886-1895 

1  586  098  641 

1896-1905 

2  832  402  746 

1906-1907                                                                                              -       -   - 

894  520,702 

Total                                  

6  865  097,567 

It  is  estimated  that  for  every  ton  of  coal  mined  and  sold,  half  a  ton 
is  lost  or  wasted,  so  that  the  total  production  of  6,865,097,567  short  tons 
to  the  close  of  1907  represents  an  exhaustion  of  10,200,000,000  tons,  or 
0.3  per  cent  of  the  total  original  supply,  or  0.7  per  cent  of  the  coal 
which  is  easily  accessible  and  available  under  the  present  conditions. 
The  total  supply  of  easily  accessible  and  now  available  coal  left  in  the 
ground  at  the  close  of  1907  was  1,389,800,000,000  short  tons. 

Accompanying  this  statement  two  charts  are  presented,  one  showing 
the  production  of  coal  annually  from  1846  to  1907,  the  other  illustrating 
the  average  annual  production  by  progressive  ten-year  periods  lor  the 
same  length  of  time,  the  latter  chart  havinsr  been  prepared  in  order  to 
eliminate  minor  variations  due  to  abnormal  conditions.  The  average 
annual  increase  in  coal  production  figured  from  the  average  of  progress- 
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ive  decades  shown  on  the  second  diagram  is  7.36  per  cent,  and  for  the 
last. five  progressive  decades — 1894—1903  to  1898— 1907— the  rate  of 
increase  has  been  above  that  average. 

DURATION    OF    SUPPLY. 

The  total  reserve  of  easily  accessible  and  now  available  coal  is  esti- 
mated at  1,463  billion  tons.  The  assumption  that  a  constant  output 
has  been  reached  would  be  utterly  unwarranted.  On  the  other  hand,  the 
adoption  of  the  fiat  rate  of  annual  increase  of  7.36  per  cent  would  involve 
the  improbable  assumption  that  the  marvellous  record  of  the  past  and 
present  will  be  maintained  in  the  future,  and  the  production  would  con- 
tinue to-  approximately  double  every  decade.  Using  the  waste  allowance, 
on  the  basis  of  this  constant  rate  of  increase  in  production,  the  1.463 
billion  tons  available  at  the  close  of  1907  would  be  exhausted  in  107 
years,  or  by  2015  A.  D.  Against  the  use  of  the  fiat  rate  of  increase  it 
may  well  be  contended  that  just  as  the  rate  of  increase  in  population 
tends  to  diminish,  so  this  rapid  increase  in  per  capita  consumption  of 
coal  cannot  persist  and  a  constant  annual  production  will  be  reached. 
However,  the  figures  set  fifty  years  ago  by  statisticians  for  the  probable 
constant  annual  production  of  coal  in  England  have  already  been 
exceeded  by  over  160  per  cent. 

Inasmuch  as  America  leads  the  world  not  only  in  present  production 
of  coal  but  also  apparently  possesses  the  greatest  reserve  and  certainly  is 
mining  coal  at  much  lower  cost  than  any  other  country,  the  obvious  tend- 
ency will  be  for  European  countries  to  look  more  and  more  to  the  United 
States  for  their  coal  supply.  Therefore,  while  our  present  coal  produc- 
tion and  consumption  are  practically  equivalent,  the  export  of  coal, 
unless  prohibited  by  federal  legislation,  must  eventually  become  a  factor 
and  increase  the  coal  production  in  the  United  States  beyond  the 
demands  of  home  consumption.  On  the  other  hand,  powerful  influences 
will  come  to  bear  upon  coal  production,  which  favor  lengthening  the  life 
of  the  supply.  Thus  it  is  to  be  hoped  that  with  more  improved  methods 
in  the  utilization  of  coal  the  increased  efficiency  per  unit  may  act  as  a 
factor  in  reducing  coal  consumption,  and  improved  mining  methods 
should  likewise  decrease  the  waste  percentage.  The  increased  utilization 
of  water-power  should  also  tend  to  decrease  coal  consumption.  Again, 
as  soon  as  the  end  appears  in  sight  prices  will  rise  and  production, 
diminish,  and  that  progressively.  This  interference  with  the  law  of 
decreasing  increase  produced  by  growing  scarcity  will,  of  course,  prolong 
the  life  of  our  s*>al  reserves,  but  at  the  same  time  will  greatly  hamper 
our  industries  dependent  on  this  fuel. 

With  so  many  indeterminate  factors  whose  importance  is  realized  but 
cannot  be  measured,  prophecy  must  posses?  a  questionable  value. 

WASTE   IX  COAL  MINING. 

The  principal  loss  or  waste  attending  coal-mining  operations  is  that 
represented  by  the  quantity  of  coal  necessarily  left  in  the  ground  as 
pillars  to  support  the  roof.  In  some  cases  it  is  also  necessary  to  leave  a 
foot  or  more  of  coal  as  a  part  of  the  roof,  because  of  the  unstable  char- 
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acter  of  the  material  overlying  the  coal,  which  itself  does  not  make  a 
good  roof.  It  has  also  been  frequently  the  case  that,  where  portions  of 
the  coal  bed  have  been  of  inferior  quality,  only  the  high-grade  coal  has 
been  mined  and  the  poorer  material  left.  The  coal  left  as  pillars,  or  as 
portions  of  the  roof,  may  be  considered  a  necessary  loss,  but  that  which 
is  left  because  of  its  inferior  quality  cannot  be  considered  unavoidable 
waste  jin  any  sense,  and  is  frequently  of  hi  °-her  grade  than  coals  mined 
and  used  in  other  portions  of  the  country. 

Enormous  quantities  of  coal  have  been  lost  beyond  recovery  from  the 
mining ,  of  beds  lying  below,  the  caving  of  which,  u^on  the  withdrawal 
of  the  pillars,  has  so  broken  up  the  overlying  strata  as  to  render  it  impos- 
sible to  recover  the  coals  contained  therein.  This  has  been  particularly 
the  case  in  some  of  the  coal  beds  of  the  western  part  of  Pennsylvania, 
but  much  improvement  has  been  observed  in  this  regard  within  later 
years.  Notwithstanding  the  improvement  in  this  respect  it  is  probable 
that  a  large  amount  of  coal  will  be  wasted  in  the  western  states,'  where 
a  great  number  of  coal  beds,  are  closely  associated,  and  also  where  the 
intercalated  strata  are  weak,  forming  poor  roofs  to  the  coal  mines. 

There  are  no  exact  figures  as  to  the  actual  loss  or  waste  sustained 
through  coal  left  in  the  mines  in  conducting  the  mining  operations,  but 
it  has  been  estimated  that  it  amounts  to  50  per  cent  of  the  quantity  pro- 
duced and  marketed.  In  some  cases,  through  careful  mining  and  where 
the  conditions  are  ideal  for  working,  practically  all  of  the  contents  of 
the  coal  beds  are  recovered.  In  other  cases,  particularly  when  the  beds 
are  of  enormous  thickness,  the  recovery  has  not  exceeded  30  per  cent 
of  the  contents.  During  the  earlier  days  of  mining  in  the  anthracite 
regions  of  Pennsylvania  it  was  estimated  that  only  40  per  cent  of  the 
coal  was  marketed.  This  was  partly  due  to  uneconomical  methods  of 
mining,  and  partly  to  the  large  amount  of  coal  for  which  there  was  at 
that  time  no  market  and  which  was  piled  on  the  ground  in  unsightlv 
mountains.  At  the  time  of  the  Anthracite  Coal  Waste  Commission, 
which  made  its  report  in  1893,  40  per  cent  was  still  considered  a  maxi- 
mum recovery.  So  far  as  underground  workings  are  concerned,  there 
has  been  no  revolution  in  the  methods  employed  since  that  time,  but 
there  has  been  a  considerable  improvement  in  the  application  of  those 
methods,  which  has  resulted  in  the  recovery  at  the  present  time  of  a 
materially  larger  proportion  of  the  coal  in  the  ground  than  was  the  rule 
at  that  date.  The  earlier  methods  of  mining  consisted  in  leaving  com- 
paratively narrow  pillars  and  in  the  mining  of  large  rooms,  the  result 
being  that  the  pillars  were  not  strong  enough  to  stand  the  pressure  and 
they  were  crushed  beyond  recovery.  It  is  now  customary  to  use  larger 
pillars  between  the  rooms,  which  makes  it  possible  to  better  control  the 
roof  during  "robbing"  operations  and  to  eventually  recover  a  larger 
proportion  of  the  contents  of  the  bed. 
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THE  WORK  OF  THE  FOREIGN  MINING  EXPLOSION  STATIONS. 

(By  G.  S.  Rice,  Mining  Engineer,  U.  S.  Geological  Survey.) 


The  founding  of  the  various  mine  explosion  stations  abroad  did  not 
come  about  until  the  general  recognition  of  the  important  part  that  coal 
dust  played  in  the  great  mine  disasters.  The  study  of  safety  lamps  and 
the  experiment*  conducted  therewith  in  an  atmosphere  of  fire-damp, 
has  been  carried  on  in  various  countries  since  the  time  of  Sir  Humphrey 
Davy,  but  these  experiments  and  studies  did  not  require  large  stations; 
they  could  be  conducted  in  laboratories.  When  it  began  to  be  recog- 
nized that  coal  dust  either  accompanied  by  fire-damp  or  possibly  alone 
would  ignite  from  the  flame  of  black  powder  and  other  long  flame  explo- 
sives, it  became  apparent  that  if  explosives  played  so  -important  a  part 
in  the  initiation  of  great  mine  disasters,  it  would  be  necessary  to  conduct 
experiments  with  a  view  to  finding  out  which  of  them  would  ignite  coal 
dust  and  fire-damp. 

In  1880  experiments  on  a  miniature  scale  were  conducted  by  the  Ches- 
terfield and  Derbyshire  Institute  of  Engineers.  Their  experimental 
gallery  was  82  feet  long  but  only  18  inches  deep  and  16  inches  wide. 
This  gallery  was  to  determine,  if  possible,  the  explosibility  of  coal  dust. 
A  pair  of  horse  pistols  of  %-inch  bore  were  used  to  represent  the  flame 
from  a  blowii-out  shot.  Out  of  134  individual  experiments,  in  which  the 
coal  dust  alone  was  tested,  ignition  was  obtained  in  thirty-six  of  them. 
In  forty-six  experiments  with  dust  and  gas,  ignition  was  obtained  in 
twenty-one  cases.  It  was  reported  that  "in  no  instance — even  where  6 
per  cent  of  gas  was  "present — anything  that  could  be  termed  an  explo- 
sion was  obtained:  the  only  result  was  ignition  without  violence." 

It  is  evident  that  the  area  of  this  gallery  was  too  small  in  comparison 
with  the  surface  exposed  to  obtain  the  concentration  of  heat  necessary 
to  sustain  a  rapid  ignition.  The  terms  ignition  and  explosion,  in  refer- 
ring to  explosive  materials,  are  those  of  relative  speed.  As  ordinarily 
interpreted,  an  explosion  is  extremely  rapid  combustion  which  may  or 
may  not  be  a  ""detonation/"  the  latter  indicating'  an  almost  simultaneous 
disruption  throughout  the  mass  of  the  explosive.  "Ignition  of  coal  dust" 
means  the  start  of  a  combustion  which  may  attain  to  extreme  speed;  if 
the  speed  is  very  great  it  becomes  an  explosion,  and  some  English  authori- 
ties claim  that  a  stage  of  detonation  may  be  reached. 

In  .Tune.  1S7C».  Mr.  H.  Hall,  Inspector  of  Mines  for  the  West  Lanca- 
shire District,  England,  described,  in  a  paper  read  before  the  Xorth  of 
England  Institute  of  Mining  Engineers,  experiments  made  by  Mr. 
Clark  and  himself  at  St.  Helens  in  an  adit  45  yards  long,  and  which 
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entered  the  outcrop  of  a  coal  seam.  Mr.  Hali  stated  that  "the  flame 
travelled  the  whole  length  of  the  adit,  and  the  blast  was  fierce  and  would 
certainly  prove  fatal  to  any  one  struck  by  its  course." 

As  a  result  of  the  great  explosion  at  the  Seaham  Colliery,  Seaham, 
September  8,  1880,  at  the  request  of  the  hofme  secretary,  Sir  Frederick 
Abel  experimented  with  dust  from  this  colliery.  These  experiments 
were  made  by  Garswood  Hall  Colliery  near  Wigan.  The  Accident  and 
Mines  Commission,  as  the  result  of  this  experimenting,  states  "the  pro- 
portion of  fire-damp  required  in  a  mine  to  bring  dust  readily  into  opera- 
tion as  an  explosive  material  when  thickly  suspended  in  the  air,  borders 
upon  and  is  even  sometimes  below  the  smallest  amount  which  can  be 
detected  in  the  atmosphere  of  a  mine  by  the  most  practiced  observer  by 
the  use  of  a  Davy  lamp,"  and,  further,  that  "such  dust  particles  need 
not  be  inflammable  or  combustible  to  produce  the  result  named."  In 
the  course  of  the  foregoing  tests,  a  special  series  of  experiments  were 
made  to  ascertain  the  distances  that,  in  the  absence  of  dust,  flame  is  pro- 
jected from  a  blown-out  shot.  It  was  found  that  the  flame  when  using 
one  and  one-half  pounds  of  gunpowder,  only  occasionally  reached  a  dis- 
tance of  twenty  feet,  and  "even  in  a  narrow  gallery  would  not  attain 
thirty-five  feet/5 

In  the  opinion  of  the  commission,  these  experiments  afforded  proof 
that  in  galleries  approximating  the  size  of  the  experimental  gallery,  coal 
dust  in  fairly  dry  condition  will  feed  the  flame  projected  by  a  blown-out 
shot. 

From  July  to  December,  1884,  a  series  of  experiments  were  conducted 
by  the  Prussian  Fire  Damp  Commission  at  Saarbriicken.  The  experi- 
mental gallery  was  built  on  the  surface.  It  was  167  feet  long,  elliptical 
in  shape  and  had  a  sectional  area  of  17 '%  square  feet,  A  side  gallery, 
331/;?  feet  in  length  was  afterwards  added.  A  general  conclusion  drawn 
from  these  experiments  was,  that  coal  dust  causes  considerable  elongation 
of  the  flame  of  a  blown-out  shot,  whether  there  is  a  small  amount  of 
fire  damp  present  or  not.  Their  other  conclusion  was  one  that  is  now 
recognized  to  be  wrong;  namely,  "in  the  complete  absence  of  fire  damp, 
the  elongation  or  propogation  of  the  flame  is  generally  of  limited  extent, 
however  far  the  deposits  of  dust  may  extend  in  the  mine-ways."  They 
modified  this,  however,  by  stating  that  "there  are  certain  descriptions  of 
dust  which  will  carry  the  flame  to  distances  extending  beyond  the  con- 
fines of  the  dust  deposits." 

In  1890,  Mr.  Harry  Hall  made  further  experiments  in  a  dis-used 
mine  shaft  near  Ormskirk.  This  shaft  was  50  yards  deep  and  7  feet 
in  diameter.  A  cannon  2%  feet  long  with  a  bore  of  2  inches  was  placed 
in  the  bottom  of  the  shaft  pointing  directly  upwards.  The  air  in  the 
shaft  was  then  saturated  with  fine  coal  dust  thrown  down  from  the  top, 
and  the  cannon  fired  by  electricity  when  the  dust  was  in  suspension  in 
the  shaft.  Six  tests  were  made  and  in  four  of  them,  explosions  were 
more  or  less  violent,  accompanied  in  three  cases  by  a  rush  of  flame  in 
the  air,  was  the  result.  It  was  especially  noted  that  the  dust  which  failed 
to  ignite  in  one  of  the  experiments,  exploded  with  considerable  violence 
when  the  cannon  was  fired  two  hours  afterwards,  no  fresh  dust  having 
been  added  in  the  meantime. 
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A  -jcond  series  of  experiments  were  made  on  June  26th  at  the  South- 
port  Pit,  Haydock.  Ihe  depth  of  this  shaft  was  130  yards  and  the 
diameter  18  feet.  The  sides  were  very  wet  and  the  lower  part  full  of 
water.  Vapor  ascending  from  the  shaft  could  be  observed.  Xaturally 
under  these  conditions,  no  ignition  of  coal  dust  was  obtained  in  the  six 
attempts.  A  third  series  of  experiments  were  tried  on  July  30th  and 
October  17th  and  50th,  1890,  at  the  Big  Lady  Pit.  This  shaft  was  210 
yards  deep  and  8  feet  in  diameter.  There  were  18  experiments  in  all, 
using  coal  dust  from  different  mines.  In  10  cases,  there  was  ignition  of 
dust.  In  all  the  foregoing,  experiments,  black  powder  wras  used. 

In  Austria,  from  1885  to  1890,  a  "Commission  on  Explosions"  made  a 
series  of  tests.  In  all,  353  experiments  were  made  with  345  kinds  of 
coal  dust,  generally  without  a  mixture  of  fire  damp.  These  experiments 
were  conducted  in  a  chamber,  the  explosive  being  a  cartridge  of  100 
grammes  of  dynamite  lying  loose.  It  was  found  that  nearly  all  kinds 
of  coal  dust  were  ignited  by  the  explosion  of  dynamite :  further,  that  a 
small  mixture  of  fire-damp  notably  increased  the  danger  and  sensitive- 
ness of  the  coal  dust.  The  fineness  of  the  dust  as  well  as  dry  ness  greatly 
increased  its  sensitiveness  and  danger. 

In  England  in  1892-1893,  Mr.  Henry  Hall,  at  the  instance  of  the 
Home  Department,  conducted  further  experiments  with  coal  dust  in 
a  mine  shaft  at  the  White  Moss  Collier}',  Skelsmersdale.  The  shaft  was 
50  yards  deep  and  7  feet  in  diameter.  The  charge  was  1*0  pounds  of  or- 
dinary blasting  gunpowder,  tamped  lightly  with  coal  dust,  the  tamping 
occupied  a  space  of  12  inches.  Samples  of  dust  from  45  different  col- 
lieries were  tested.  Practically  all  of  them  showed  ignition,  often  ac- 
companied by  violence. 

This  closes  the  period  of  somewhat  primitive  experimenting  in  con- 
nection with  the  use  of  mine  explosives.  The  experiments  at  least  es- 
tablished that  most  explosives  used  at  that  time  were  elements  of  great 
danger  in  a  gassy  or  dusty  mine,  from  the  possibility  of  initiating  a 
great  disaster.  In  the  light  obtained  by  our  recent  investigations,  fully 
three-fourths  of  the  great  mine  disasters  of  the  past  and  even  the  present 
day  have  been  initiated  by  explosive?. 

This  preliminary  work  led  later  to  the  establishment  of  the  foreign 
government  stations  and  the  private  experimental  stations  maintained 
by  manufacturers  of  explosives. 

In  1896,  the  English  Parliament  passed  an  Act  which  gave  power  to 
the  Secretary  of  State  to  prohibit  the  use  of  dangerous  explosives.  In 
consequence  of  this,  a  testing  station  with  necessary  apparatus  was 
erected  at  Woolrich.  Quoting  the  words  of  Captain*  J.  H.  Thomson, 
Chief  Inspector  of  Explosives,  "Obviously  it  would  be  impossible  in  any 
test  to  imitate  the  conditions  of  use  of  an  explosive  in  a  mine;  and  it 
was  considered  of  greater  importance  that  the  method  of  testing  should 
be  as  uniform  as  possible,  rather  than  an  impracticable  attempt  should 
be  made  to  approach  actual  working  conditions.  It  was  decided  there- 
fore that  a  mixture  of  coal-gas  and  air  should  be  used  rather  than  a  pit- 
gas  mixture  which  would  be  not  only  difficult  to  obtain,  but  would  also 
certainly  vary  considerably  in  quality.  Also  a  coal  gas  mixture  is  some- 
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what  more  easily  ignited  than  one  of  "pit-gas  and  air."  They  consid- 
ered testing  with  coal-dust  but  at  that  time,  it  was  thought  that  uniform 
results  could  not  be  attained,  but  the  controlling  reason  appears  to  have 
been  that  the  gas  was  more  easily  obtained  and  more  certainly  ignitable. 

"It  was  therefore  decided  that  the  test  should  consist  simply  of  firing 
a  given  number  of  shots  with  an  explosive  into  a  highly  inflammable 
mixture  of  coal-gas  and  air,  the  charges  being  arranged  so  as  to  be  of 
standard  strength,  and  being  stemmed  with  a  uniform  quantity  of  dry 
clay.  If  the  gas  is  once  ignited  during  the  test,  the  explosive  is  rejected." 

The  plant  erected  in  1896  has  been  in  continuous  use  until  the  present. 
A  large  number  of  explosives  have  been  tested  and  a  considerable  number 
of  explosives  have  passed  the  test,  forming  what  is  termed  a  list  of  per- 
mitted explosives.  The  main  feature  of  the  Woolwich  plant  is  the  gas 
gallery.  This  is  a  large  tube  2y2  feet  in  diameter  and  28  feet  long,  con- 
structed of  boiler  plate.  It  is  placed  horizontally  and  rests  on  piers.  It 
is  fitted  with  seven  safety  valves  along  the  top  to  relieve  the  strain 
when  the  gas  explodes.  These  also  serve  for  observation  of  the  flame 
if  any  issues,  although  the  observation  is  supplemented  by  a  tuft  of 
guncotten  yarn  placed  so  that  an  explosion  of  gas  would  ignite  it.  The 
gallery  is  fitted  at  the  outer  end  with  an  arrangement  for  holding  in 
place  a  diaphragm  of  paper  to  confine  the  gas.  At  the  other  end  there  is 
an  iron  plate  with  a  hole  in  the  center  which  is  closed  when  the  muzzle 
of  a  cannon  is  run  up  into  position.  Alongside  of  the  gallery  there  is  a 
gasometer  fitted  with  a  gauge  also  a  centrifugal  fan.  These  are  con- 
nected by  pipes  with  both  ends  of  the  gallery.  The  cannon  is  mounted 
on  a  truck  for  pushing  into  position  and  is  30  inches  long.  It  has  a 
1%  inch  bore. 

In  making  a  test,  the  cannon  is  loaded,  run  up  to  the  gas  gallery,, 
the  latter  is  filled  with  a  measured  quantity  of  gas  and  air  at  atmos- 
pheric pressure,  this  is  circulated  round  and  round  to  obtain  a  uniform 
mixture,  -the  valve  then  closed  to  protect  the  fan  and  the  cannon  is* 
fired  by  electric  wires.  When  a  manufacturer  desires  to  submit  a  new 
explosive  for  testing  and  approval,  if  successful,  the  tests  are  conducted 
under  these  regulations : 

1.  The  test  will  be  carried  out  by  H.  M.  Inspectors  of  Explosives  with 
the  testing  apparatus  at  the.  Home  Office  Testing  Station  on  Plumstead 
Marshes. 

2.  The  charge  of  explosive  to  be  fired  in  the  test  will  be  determined 
as  follows : 

A  charge  well  tamped  with  two  pounds  weight  of  clay  will  be  fired 
with  the  muzzle  of  the  gun  at  a  distance  of  two  inches  from  the  ballistic 
pendulum.  From  a  swing  registered  on  the  sliding  scale,  provided  for 
the  purpose,  the  charge  which  will  cause  a  swing  of  3.20  inches  will  be 
calculated  and  may  be  verified  at  the  discretion  of  the  officer  in  charge 
of  the  Testing  Station. 

3.  Each  explosive  to  be  subject  to  the  following  test : 

(a)  Ten  shots  with  charge  as  determined  above,  and  tamped  with 
12  inches  of  well  rammed  clav. 
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(b)  Ten  shots  with  three<£ourths  of  the  charge  as  in  (a)  and  tamped 
with  9  inches  of  well  rammed  clay. 

4.  Every  shot  will  be  fired  electrically,  and  in  the  case  of  high  ex- 
plosive a  detonator  of  the  description  recommended  by  the  manufacturer 
or  the  person  submitting  the  explosive  will  be  used. 

5.  All  charges  will  be  stemmed  with  dry  clay  well  rammed. 

6.  Each  shot  will  be  fired  in  the  case  wrapper  or  covering  in  which 
it  i?  proposed  to  be  employed  in  actual  use. 

7.  Each  shot  will  be  fired  into  a  mixture  consisting  of  or  equivalent 
to  85  per  cent  of  air  and  15  per  cent  of  the  coal  gas  now  supplied  from 
the  Koyal  Arsenal  Gas  Works. 

8.  An  explosive  will  be  considered  to  have  passed  the  test  if,  in  the 
series  of  twenty  shots  mentioned  above,  no  single  shot  has  ignited  the 
gaseous  mixture,  or  left  an  appreciable  amount  of  the  charge  unexploded. 

.9.  A  shot  may  be  repeated  at  the  discretion  of  the  officer  in  charge 
of  the  testing,  if,  in  his  opinion,  there  is  reasonable  ground  to  believe 
that  a  failure  was  due  to  any  cause  unconnected  with  the  explosive." 

The  ballistic  pendulum  mentioned  in  these  regulations  is  a  heavy  gun 
swinging  from  knife  edges.  A  small  cannon  charged  with  the  explosive 
shoots  directly  into  the  bore  of  the  large  cannon,  causing  the  latter  to 
swing.  While  this  device  does  not  give  the  force  generated  by  an  explo- 
sive in  absolute  terms,  it  gives  relative  values  and  allows  the  comparison 
of  the  energy  of  a  quick  explosive  with  that  of  a  slow  burning  one. 

There  is  also  at  this  station  a  vertical  gallery  for  testing  explosives  in 
the  presence  of  coal  dust,  4  feet  9  inches  in  diameter,  but  which  is  only 
13  feet  high.  In  view  of  the  later  developments  in  experimenting  with 
coal  dust,  this  vertical  gallery  appears  entirely  inadequate :  however,  its 
use  at  Woolwich  i?  incidental  to  the  testing  of  explosives  in  the  presence 
of  gas. 

In  Germany  the  first  official  testing  station  for  explosives  for  coal 
mines  was  established  subsequent  to  the  establishment  of  the  Woolwich 
station.  It  differs  materially  in  design  and  method?  of  testing.  Tho 
station  i?  located  at  Gelsenkirchen  near  Cologne.  It  is  in  charge  of  Herr 
Beyling.  There  is  a  gallery  1.85  meters  high.  1.40  meters  wide,  and 
2  square  meters  in  section,  which  is  elliptical  in  shape.  The  length  of 
the  gallery  is  30  meters.  It  is  constructed  of  three  lavers  of  wood  hooped 
with  iron  band?.  There  are  large  safety  valve?  in  the  top  and  small 
window?  with  heavy  gla??  in  the  sides  for  observing  the  length  of  flame. 
For  te?ting  with  gas.  there  is  an  inside  flange  to  which  paper  is  fastened, 
shutting  off  a  ?pace  of  10  cubic  meter?  at  the  inner  end  of  the  gallery 
facing1  the  cannon.  The  latter  is  set  in  a  reces?  in  a  big  block  of  concrete 
and  ?imulate?  a  drill  hole  in  the  center  of  the  face  of  a  mine  entrv.  The 
other  end  of  the  gallery  i?  open.  The  gallery  lies  partly  imbedded  in  a 
trench  for  protective  purpo?e?.  The  observers  stand  in  an  observation 
room  sixty  feet  away.  The  cannon  is  fired  by  an  electric  battery  in  this 
room.  The  supply  of  gas  i?  obtained  from  a  neighboring  mine.  It  is 
pit-gas  and  largely  methane.  After  pas?ing  through  scrubbers  for  clean- 
ing, it  i?  taken  into  the  gallery  through  a  meter.  An  arrangement  of 
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pipes  and  fan  circulate  the  gas  and  air  through  that  part  of  the  gallery 
shut  off  by  a  paper  diaphragm.  A  mixture  of  8  per  cent  methane  and 
92  per  cent  air  makes  the  most  explosive  fire-damp. 

Besides  the  testing  of  explosives  in  the  presence  of  gas,  they  are  also 
tested  in  the  presence  of  coal  dust.  In  the  latter  tests  coal  dust  is  intro- 
duced by  a  funnel,  into  a  small  hole  in  the  top  of  the  gallery  a  little 
in  front  of  the  cannon  and  falls  on  a  mechanically  revolved  fan  which 
distributes  the  dust  and  keeps  it  mixed  with  the  air  up  to  the  time  of 
firing  the  cannon.  The  distinguishing  feature  from  the  English  method 
in  firing  the  explosive  is  that  it  is  placed  in  the  cannon  loosely  without 
tamping  material. 

Series  of  tests  are  made  to  determine  the  maximum  amount  of  explo- 
sive which  will  ignite  gas  or  coal  dust  or  both.  This  is  called  the  charge- 
limit.  In  some  respects  this  test  is  more  severe  than  the  English  one. 
On  the  other  hand,  the  English  mining  authorities  claim  that  this  is 
not  a  mining  condition;  that  while  it  is  true  by  accident  a  shot  might 
be  fired  without  tamping,  that  this  is  so  exceptional  a  condition  that  it 
need  not  be  guarded  against,  and  on  the  other  hand  with  certain  explo- 
sives, it  requires  the  tamping  to  develop  the  highest  temperature  so  that 
in  some  cases  an  explosive  which  might  pass  the  German  tests  success- 
fully would  fail  with  the  English  tests. 

The  work  done  by  the  German  station  has  been  of  great  value  and  has 
been  an  incentive  for  the  invention  of  many  new  safety  explosives.  The 
manufacturers  have  been  spurred  on  to  erect  private  laboratories,  some 
of  them  designing  machines  of  the  greatest  value,  like  the  Bichel  machine 
for  testing  pressures  developed  by  explosives  and  duration  of  same ;  also, 
the  Bichel  machine  for  testing  the  rate  of  detonation  of  explosives.  While 
these  special  machines  have-not  been  employed  at  any  of  the  several 
government  stations  abroad,  they  have  been  introduced  at  the  Pittsburg 
Testing  Station  of  the  U.  S.  Geological  Survey. 

Explosives  are  also  tested  at  the  German  station  in  another  way,  in 
Tauzl  lead  blocks.  These  are  blocks  of  certain  standard  size  and  drilled 
with  a  hole  of  definite  size.  The  explosion  of  a  small  quantity  of  the 
explosive  in  this  block  distorts  it.  The  increase  in  distortion  varies 
with  the  force  of  the  explosive.  These  blocks  are  not  suitable,  however, 
for  very  slow  acting  explosives,  like  gunpowder. 

In  addition  to  the  explosive  testing  apparatus,  the  station  is  provided 
with  an  apparatus  for  testing  safety  lamps  in  varying  percentages  of 
fire-damp  and  at  various  speeds  of  current;  also  in  various  directions  of 
the  current,  that  is,  horizontal,  vertical,  up  or  down,  diagonally  descend- 
ing and  diagonally  ascending.  These  tests  are  of  the  utmost  value. 
Some  lamps  will  be  entirely  safe  in  a  quiet  atmosphere  containing  fire 
damp,  but  in  the  air  currents  which  traverse  mine  entries  today,  if  these 
are  heavily  charged  with  Methane,  old  style  lamps  quickly  yield.  This 
is  notably  the  case  with  the  Davy  lamp  in  a,  current  of  fire  damp.  For 
it  blows  through  the  gauze  very  quickly.  Tests  are  also  made  of  the 
glasses  of  safety  lamps.  Breakage  of  these  has  been  in  the  past  a  fre- 
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quent  source  of  danger.  The  effect  of  the  tests .  of  safety  lamps  have 
been  very  marked  in  the  reduction  of  the  number  of  accidents  arising 
from  the  ignition  of  fire  damp  in  the  mines. 

It  is  interesting  to  note  the  difference  in  point  of  view  of  the  Germans 
from  other  nationalities  regarding  designs  for  safety  lamps.  They  do 
not  believe  in  having  the  lamps  bonnetted,  but  they  do  advocate  double 
gauze,  although  that  is  not  yet  required  by  law.  The  bonnets  they  admit 
afford  better  protection  in  very  strong  currents,  but  they  oppose  their 
use  because  of  concealing  the  gauze  and  so  make  the  presence  of  fire 
damp  less  quickly  noticeable  to  the  workman.  In  this  respect  they  differ 
from  the  Belgians,  French  and  English,  who  generally  approve  of 
bonnetted  lamps. 

The  Belgium  station  is  located  at  Franeries  near  Mons.  This  station 
is  under  the  direction  of  M.  Stassart.  assisted  by  M.  Bolle,  both  of  whom 
MI-"  professors  in  the  neighboring  mining  school  at  Mons  and  are  also 
(Government  mining  inspectors.  The  Belgian  Mining  Department  is 
in  charge  of  M.  Watteyne,  who,  together  with  Herr  Meissner,  head  of 
the  German  Mining  Department,  and  Captain  Desborough  of  the  En- 
glish Explosives  department  recently  visited  the  mining  districts  of  this 
country  at  the  invitation  of  the  United  States  Government.  The  Belgian 
station  is  located  close  to  a  group  of  mines  and  the  gas  used  in  the  ex- 
plosive gallery  is  obtained  from  one  of  the  mines.  The  gallery  was 
patterned  after  the  German  gallery  and  only  differs  from  it  in  the  de- 
tail of  having  the  fans  driven  by  motor  instead  of  by  hand.  The  cannon 
is  also  similarly,  mounted  in  a  block  of  concrete  at  the  inner  end  of  the 
gallery.  The  bore  of  the  cannon  is  5.5  C.  M.  and  has  a  length  of  46 
(  .  M.  It  is  located  at  the  center  of  the  cross-section  and  is  pointed  a 
little  upwards  so  that  the  axis  projected  strikes  the  top  of  the  gallery 
nine  meters  from  the  open  end.  When  coal  dust  is  to  be  tested,  it  is 
introduced  in  a  way  similar  to  that  at  the  German  gallery.  In  some 
raM-s,  dust  is  placed  along  the  floor  beyond  the  explosion  division  of  the 
gallery.  The  disruptive  force  of  high  explosives  are  tested  in  Tauzl 
blocks.  There  is  also  a  lamp  testing  gallery  at  this  station  identical  with 
the  German.  In  addition  there  is  an  equipment  of  mine  rescue  appar- 
atus and  a  practice  gallery  consisting  of  a  large  square  room  with  a» 
glass  partition,  double  height  gallery,  inclined  ladders,  and  the  usual 
kinds  of  practice  material. 

The  French  have  no  Government  Station,  but  an  association  of  the 
operating  companies  of  the  Pas-de-Calais  district  have  established  a 
station  at  Lievin  in  the  central  part  of  the  district  and  close  to  a  mine 
from  which  they  secure  the  necessary  fire  damp  for  testing.  M.  Taffanel 
is  in  charge  of  this  station.  Some  preliminary  work  had  been  done  prior 
to  1907  in  an  iron  gallery  of  small  dimensions,  but  last  year  a  new  large 
gallery  was  erected  of  rectangular  cross-section,  about  the  size  of  a  mine 
passage.  The  explosion  end  is  constructed  of  reinforced  concrete  and 
the  farther  end  of  heavy  timber.  The  general  arrangement  is  not  dis- 
similar to  that  of  the  German  and  Belgian  galleries,  the  chief  difference 
being  in  the  method  for  introducing  dust  when  that  is  used.  It  is  dis- 
tributed on  the  floor  of  the  gallery.  The  cannon  is  depressed  slightly 
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so  the  axis  strikes  the  floor.  The  dust  is  not  stirred  into  the  air  until 
raised  by  the  concussion  of  the  shot.  Nevertheless,  using  plain  dyna- 
mite, which  is  the  French  standard  explosive  for  testing  out  coal  dusts,, 
they  find  all  the  Pas-de-Calais  coal  dusts  will  ignite  and  explode  when 
fired  in  this  way.  At  this  station  there  are  well  equipped  laboratories 
and  a  safety  lamp  testing  gallery  different  in  detail  from  the  German. 
This  is  hinged  to  allow  trial  of  the  lamps  in  varying  positions  and  with 
various  velocities. 

The  explosion  gallery  has  been  erected  primarily  for  the  study  of  the 
explosibility  of  coal  dust  and  the  possible  remedies  rather  than  for  a 
study  of  explosives.  The  French  Government  has  fixed  the  require- 
ments for  explosives  on  an  entirely  different  basis  than  practical  tests; 
namely,  upon  the  temperature  developed  by  the  combustion  or  detona- 
tion of  the  explosive.  This  is  determined  by  estimating  from  specific 
heat  of  the  component  chemicals.  An  allowance  of  about  200  degrees 
Centigrade  below  the  temperature  which  will  ignite  fire  damp,  is  fixed 
as  the  limiting  temperature  which  the  explosive  can  develop  and  still 
be  considered  permissable.  In  other  words,  an  explosive  must  not  de- 
velop a  temperature  of  over  1,500  degrees  Centigrade.  The  other  for- 
eign authorities  consider  that  this  test  is  not  sufficiently  definite;  that 
the  actual  temperatures  developed  may  not  agree  with  the  calculated 
theoretical  temperatures.  Nevertheless,  the  French  consider  that  their 
figures  are  entirely  on  the  safe  side,  and  in  general  their  explosives  will 
pass  the  requirements  of  the  other  stations. 

I  cannot  better  express  the  comparison  of  the  different  methods  used 
abroad  than  to  quote  Captain  Desborough's  classification  of  the  several 
methods  as  given  in  his  evidence  about  bobinite  in  1907 :  First,  there 
is  the  theoretical  or  French  method;  second,  the  firing  of  unconfined 
charges,  the  Austrian  method;  third,  the  firing  of  partially  confined 
charges  as  employed  in  Belgium  and  Germany;  and  fourth,  the  firing 
of  completely  confined  charges  as  used  in  England. 

In  planning  the  Pittsburgh  station,  Dr.  Holmes  and  his  assistants  have 
endeavored  to  incorporate  some  of  the  best  features  of  the  foreign 
stations — the  gas  and  dust  gallery  is  patterned  somewhat  after  the 
German  plan,  but  is  larger  and  with  additional  appliances.  The  En- 
glish method  of  using  uniform  tamping  has  been  adopted,  on  the  other 
hand,  the  charge  limit  of  each  explosive  passing  the  general  tests,  will 
be  determined  after  the  Belgian  and  German  plan.  The  English  ballistic 
pendulum  has  been  adopted  to  standardize  the  charges  of  explosives. 
The  Tauzl  lead  blocks  employed  in  the  Belgian  and  German  stations  are 
also  used.  The  safety  lamp  gallery  is  identical  with  those  at  Gelsen- 
kirchen  and  Frameries.  The  rescue  apparatus  room  is  similar  to,  and 
somewhat  larger  than  that  at  Frameries.  Besides  this  equipment,  either 
similar  or  improved  over  that  of  existing  stations,  the  Pittsburgh  plant 
has  a  large  separate  gallery  for  testing  motors,  lamps,  etc.  in  fire  damp 
and  coal  dust.  In  addition  there  is  apparatus  similar  to  that  of  certain 
German  explosives  manufacturers — the  Bichel  pressure  testing  appar- 
atus— the  Bichel  rate-of-detonation  apparatus  user]  in  connection  with 
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.a  large  covered  pit  in  which  the  explosive  cartridge  is  placed ;  also  there 
is  a  flame  photographing  apparatus  which  has  a  .rapidly  revolving  film 
taking  successive  negatives  of  the  flames  of  an  explosive,  fired  from  a 
Tertical  cannon  in  an  inclosed  gallery. 

A  most  interesting  gallery  for  a  specific  purpose  has  recently  been 
•erected  at  Altofts  in  (Yorkshire,  England,  by  an  association  of  mine 
owners  and  the  experiments  put  in  charge  of  Mr.  W.  E.  Garforth.  It 
is  for  testing  the  explosibility  of  a  coal  dust  under  varying  conditions. 
Among  other  things  the  following  points  are  sought  for: 

1.  The  relative  explosibility  of  coal  dust  under  different  conditions 
of  purity  and  with  various  air  currents. 

•^.  To  see  if  there  are  such  phenomena  as  explosion  waves,  and  if  such 
<jan  be  defined  to  find  their  length  under  varying  conditions. 

3.  The  remedy  for  such  explosive  conditions  of  coal  dust  and  the 
trial  of  inert  or  barren  zones  for  arresting  the  course  of  an  explosion. 
The  term  inert  or  barren  zones  are  areas  in  which  coal  dust  has  been 
removed  or  else  rendered  by  dilution  with  shaly  material  instead  of 
water. 

The  gallery  is  of  unusually  large  dimensions.  It  is  T1/^  feet  in  diam- 
eter and  about  960  feet  long  in  all.  There  are  a  number  of  right  angle 
turns  in  it,  at  which  points  relief  doors  are  placed.  The  longest  straight 
section  is  about  650  feet  long.  This  is  the  explosion  chamber  and  is  also 
the  "intake"  for  the  air.  A  fan  is  placed  at  the  other  extremity  of  the 
gallery,  and  is  capable  of  drawing  40,000  to  50,000  cubic  feet  of  air  per 
minute  through  the  gallery.  The  latter  is  built  of  old  but  sound  boiler 
shells  of  %-inch  thickness,  riveted  together,  and  the  inlet  end  is  strength- 
ened by  chain  wrapped  about  same.  The  bottom  is  floored  with  concrete 
on  which  a  mine  track  is  laid.  Mine  timbers  are  also  erected  to  further 
simulate  a  mine  passageway. 

In  a  test  coal  dust  is  laid  along  the  bottom  of  the  gallery  and  also  on 
ihe  timbers  and  lagging.  A  small  cannon  loaded  with  several  ounces  of 
"black  powder  is  fired  electrically  to  stir  up  the  dust  and  then  as  soon  'as 
ihe  experimenter  can  shift  the  firing  plug,  the  main  cannon  containing 
one  and  one-half  pounds  of  black  powder  is  fired.  The  latter  is  stationed 
about  100  feet  from. the  mouth  of  the  intake  and  pointing  outward. 
Invariably  an  explosion  of  the  coal  dust  is  caused  but  of  varying  inten- 
sity, depending  on  the  quantity  of  coal  dust,  the  kind,  the  purity,  etc. 

At  the  time  of  the  visit  of  the  writer  and  Dr.  J.  A.  Holmes  the  gallery 
was  charged  with  coal  dust  for  250  feet  from  the  inlet.  The  flames 
shot  each  way  and  came  out  of  the  inlet  about  100  feet.  Two  days  before 
this  visit,  there  had  been  a  test  when  a  larger  quantity  of  coal  dust  was- 
used  than  had  previously  been  tried.  It  was  spread  for  about  400  feet 
along  the  gallery.  The  result  was  startling.  Windows  were  blown  out 
of  houses  for  a  mile  or  so  around.  The  two  end  sections  of  the  boiler 
plate  were  torn  apart  and  pieces  scattered  for  a  quarter  of  a  mile.  We 
observed  one  piece  that  weighed  about  half  a  ton  that  had  been  hurled 
four  or  five  hundred  feet,  landing  not  far  from  the  bulk  head  erected 
for  the  protection  of  the  shot-firer.  This  demonstration  of  the  latent 
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power  stored  in  coal  dust,  the  energy  displayed,  increasing  in  greater 
ratio  than  the  lineal  distance  traversed  by  the  combustion  was  a  surprise 
even  to  those  familiar  with  mine  explosions. 

It  is  to  be  hoped  that  the  experiments  at  the  Altofts  gallery  with  its 
unusual  size  will  give  the  coal  mining  world  information  of  unusual  value 
about  the  phenomena  of  coal  dust  explosions  and  new  and  surer  methods 
of  rermedy  than  those  now  known.  While  the  use  of  nonflashing  explo- 
sives may  eliminate  one  of  the  chief  starting  causes,  we  must  remember 
that  there  are  other  ways  of  originating  great  sweeping  coal  dust  disas- 
ters. Small  as  well  as  large  explosions  of  fire-damp ;  even  bare  torches, 
and  electric  arcing  under  exceptional  circumstances ;  finally,  fires  making 
explosible  gases. 

In  conclusion  I  venture  to  point  out  that  a  large,  almost  overwhelm- 
ing series  of  problems  confront  the  United  States  testing  station  at 
Pittsburg.  We  have  been  fortunate  in  having  the  pioneer  work  done  by 
the  foreign  stations  and  our  debt  is  very  great  for  this  and  for  the  valu- 
able information  so  freely  given  by  the  able  conductors  of  these  stations 
and  the  mining  officials  of  England,  France,  Belgium  and  Germany. 
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MINE  EXPLOSIONS. 

(By  James  Taylor,  Representing  the  Mine  Inspection  Service  of  Illinois.) 


Mr.  President  and  Gentlemen — In  presenting  my  paper  to  you  on 
Explosions,  I  feel  somewhat  timid  because  of  the  educational  advantages 
which  you  gentlemen  have  received  and  that  have  been  denied  to  me. 
But  a  few  weeks  of  my  boyhood  were  spent  in  the  school  and  fewer  of 
my  young  manhood  wjere  spent  in  securing  an  education.  The  theoret- 
ical knowledge  that  <!  may  have  gathered  along  life's  path  has  been  simi- 
lar to  that  of  gathering  pebbles  one  by  one  and  piling  them  up  without 
any  idea  of  symmetrical  construction,  and  in  these  latter  days  of  my 
life  I  am  pulling  them  down  pebble  by  pebble  and  in  so  doing  may  throw 
out  today  one  or  two  into  your  theoretical  ideas  of  explosions  and  disturb 
the  quiet  brought  about  by  your  studies  on  this  question.  The  thirty- 
four  years  of  practical  experience  in  the  mines  of  this  State  have  taught 
me  a  few  lessons  which  I  could  never  have  learned  in  institutions  of  the 
State  similar  to  this  you  have  here  in  Urbana.  You  will  find  my  paper 
thrown  together  somewhat,  as  my  education  has  been  thrown  together 
without  system  or  order,  but  such  as  it  is  I  now  proceed  to  give  you. 

Too  much  reliance  is  often  placed  by  the  management  of  our  mines 
on  the  supposed  security  of  ample  ventilation.  The  most  disastrous 
explosions  caused  by  windy,  or  blown-oat  shots,  in  the  mines  of  this  St;it  • 
have  occurred  when  the  ventilation  was  of  superior  character.  This  is 
natural,  as  the  oxygen  in  the  good  ventilating  current  aids  in  the  quick 
ignition  and  combustion  of  the  carbon  monoxide  gas  given  off  by  the 
incomplete  combustion  of  the  powder. 

A  windy  or  blown-cut  shot  is  one  in  which  the  powder  blows  out  the 
tamping  in  the  drill  hole,  and  does  not  throw  the  coal.  In  such  a  shot 
the  sides  of  the  drill  hole  are  instantly  converted  into  small  particles  of 
coal  dust  and  the  force  of  the  powder  has  been  expended  on  the  atmos- 
phere of  the  mine.,  creating  velocity,  the  velocity  thus  created  puts  in 
motion  every  particle  of  fine  coal  dust  within  the  range  of  its  force,  and 
the  carbon  nonoxide  gas  generated  by  the  other  shots  that  have  been  fired 
a  moment  previous  to  the  blown-out  shot  are  exploded. 

It  is  well  known  that  the  explosive  range  of  a  gas  is  the  range  of  the 
percentage  of  that  gas  which  is  explosive  when  mixed  with  air.  The 
explosive  range  of  Marsh  gas  varies  from  6  to  141/o  per  cent,  the  explo- 
sive range  of  carbon  monoxide  is  much  wider  than  this.  The  maximum 
explosive  mixture  of  the  above  gas  is  one  volume  CH  to  9.5  volume  of 
air  and  one  volume  of  CO  to  2.4  volume  of  air.  Carbon  monoxide  gas  is 
always  found  after  the  firing  of  shots.  This  gas  has  a  much  greater 
power  to  elongate  a  flame  than  fire-damp  has,  on  account  of  its  wider 
explosive  range.  Most  of  our  miners  can  verify  the  statement  that  they 
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have  on  several  occasions  returned  to  the  working  face  after  firing  a 
shot,  applied  their  lighted  lamp  to  the  smoke  as  it  was  issuing  out  from 
the  coal,  or  between  the  coal  and  roof,  from  a  shot  that  had  failed  to 
throw  the  coal,  the  result  being  a  flame  or  small  explosion. 

The  practice  in  a  majority  of  the  mines  of  this  State  in  getting  (not 
mining)  the  coal,  is  that  of  blasting  off  the  solid,  that  ,is,  drilling  the 
blast  holes  horizontally  into  the  face  of  the  solid  coal,  charging  them 
heavily  with  powder  and  tamping  with  find  dust  or  clay.  The  evils 
resulting  from  this  system  of  getting  coal  are  many  and  great,  and  there 
is  nothing  to  recommend  it.  The  excessively  heavy  shots  employed  with 
this  system  of  blasting  coal  are  productive  of  a  large  proportion  of  the 
powder  and  coal  dust  being  consumed  in  the  atmosphere  of  the  mines 
thus  endangering  the  lives  of  the  miners,  also  the  property  of  the 
company. 

I  quote  the  following  from  the  1907  Coal  Report  of  the  Labor  Bureau 
of  this  State : 

"The  number  of  machines  increased  from  96*3  to  1,105,  nearly  15  per- 
cent. « 

"The  use  of  powder  in  the  mines  is  still  on  the  increase;  this  year 
shows  that  1,261,910  kegs,  twenty-five  pounds  each,  were  consumed  in 
blasting  coal;  this  is  an  increase  of  234,537  kegs,  or  22.83  per  cent,  more 
than  was  used  last  year. 

"Seventy  per  cent  of  this  powder  is  used  in  the  sixth,  seventh,  eighth, 
ninth  and  tenth  districts. 

"There  were  165  men  killed  in  the  mines  during  the  year,  and  636 
were  more  or  less  seriously  injured.  The  record  last  year  was,  155 
killed  and  480  injured ;  the  number  injured  this  year  is  greater  than  for 
any  year  since  1896. 

"The  ratio  of  accidents  for  the  year  was.  2.5  killed,  9.7  injured,  to 
each  1,000  persons  employed. 

TABLE  64 — Consumption  of  Powder  in  Shipping  Mines — Hand  Mining 
Exclusively,  ~by  Districts. 


Districts. 

Number 
of 
tons. 

Number 
of  tons 
per  keg. 

First                                                                         

1,027,342 

69  94 

886,946 

22.07 

Third                                                

1,165,497 

19.92 

2,151,090 

19  10 

Fifth                   

2,663,033 

22.87 

Sixth                                                              

4,887,635 

20.37 

Seventh                                                

2,305,908 

53.51 

Eighth                                                                                            

3,158,044 

29.  4& 

Ninth                                                                                    

3,480,597 

26.27 

Tenth  

4,139,195 

30.06 

Totals 

25  865  287 

25  78- 
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TABLE  65 — Consumption  of  Powder  in  Shipping  Mines,  Machine  Min- 
ing Exclusively,  by  Districts*. 


Districts. 

Number 
of  tons. 

Number  of 
tons  per  keg. 

Third                                                             

12,945 

25.81  (long  wall  mine) 

Sixth                                         

529,012 

92.34 

Seventh 

4  036  737 

129  34 

Eighth 

3  223  075 

108  66 

Ninth                                        

927,209 

58.69 

Tenth 

1  697  482 

64  95 

10,426,460 

96.02 

During  1907,  1,338,018  tons  of  coal  were  wasted  as  slack  and  dust. 
Such,  a  system  of  mining  suggested  by  these  figures  should  be  condemned 
by  all  those  interested  in  the  prevention  of  accidents,  and  loss  of  life. 
Within  the  last  few  months  disastrous  explosions  resulting  in  great  loss 
of  life  have  occurred  with  such  frequent  regularity  that  an  investigation 
of  the  causes  bringing  about  such  accidents  in  our  mines  should  be  made 
by  a  commission  appointed  by  the  Legislature  of  this  State,  so  that,  if 
possible,  more  successful  efforts  may  be  made  toward  safe-guarding  the 
lives  of  those  employed  in  our  coal  mines. 

As  one  who  is  in  constant  touch  with  the  practical  management  of 
mines,  I  would  advocate  the  abolition  of  our  present  system  of  blasting 
coal  as  the  most  effective  preventive  of  mine  explosions  in  this  State, 
and,  while  I  realize  that  it  is  useless  at  this  time  to  advocate  the  return 
to  the  lump  coal  system  of  mining,  nevertheless  I  believe  this  to  be  the 
surest  cure  for  the  reckless  use  of  powder  and  the  lack  of  proper  prepa- 
ration of  shots. 

Opportunity  has  been  afforded  me  of  investigating  explosions  which 
have  occurred  in  mines  where  fire-damp  had  never  been  seen  and  where 
it  has  never  been  found  since.  It  is  universally  admitted  that  coal  dust 
is  a  " greater  enemy"  than  fire-damp,  yet  it  is  a  fact  that  sufficient  atten- 
tion is  not  always  paid  to  the  prevention  of  its  production  and  accumu- 
lation, and,  in  my  opinion,  this  can  only  be  done  by  a  proper  system  of 
mining  and  a  constant  and  efficient  cleaning  of  roadways.  We  find 
ample  proof  that  it  is  the  desire  of  almost  every  mine  manager  to  repose 
comfortably  under  some  form  of  watering  the  dust,  generally  the  sprink- 
ling systetoi.  Prof.  Dixon,  a  writer,  experimenter  and  authority  on  the 
rate  of  explosion  in  gases,  has  shown  that  if  the  maximum  force  of  an 
explosion  is  to  be  developed,  it  is  necessary  to  add  5  per  cent  of  water 
vapor  to  mixtures  of  air  and  gas  and  that  this  volume  of  vapor  can  only 
be  added  by  using  steam.  Therefore,  it  is  quite  clear  that  theoretically 
it  is  impossible  to  sufficiently  saturate  the  air  of  a  mine  with  water  to 
limit  the  extent  of  an  explosion.  This  subject  has  been  tested  in  a  prac- 
tical way  by  German  engineers  and  by  actual  experiment  proved  that 
very  little  more  than  3  per  cent  of  vapor  could  be  added  to  mine  air, 
and  spraying  as  a  protective  agent  was  abandoned ;  they  also  proved  that 
when  certain  coal  dust  was  imixed  with  air,  water  had  no  restrictive 
action  on  the  flame  from  a  shot. 
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We  have  had  several  explosions  in  our  mines  by  the  lack  of  forethought 
on  the  part  of  the  mine  management.  A  violation  of  the  mining  law, 
which  provided  to  enter  a  mine,  and  the  lack  of  forethought  in  per- 
mitting the  men  to  enter  the  mine  while  the  fan  was  stopped,  caused  the 
explosion,  which  killed  fifty  men  at  the  Zeigler  Coal  Company's  mine 
April  3,  1905. 

A  few  weeks  ago  twenty-eight  men  lost  their  lives  in  this  same  mine 
hy  lack  of  forethought  on  the  part  of  the  management  in  not  making 
a  thorough  examination  of  all  the  working  places  in  the  mine  with 
helmets  before  allowing  the  men  to  work  therein. 

Many  of  our  explosions  are  clearly  due  to  ignorance  on  the  part  of 
some  miners,  who  only  appear  to  know  that  powder  placed  in  a  drill 
hole  and  tamped  will  produce  an  explosion  that  will  break  the  coal. 
They  are  entirely  ignorant  of  the  expansive  force  of  powder,  or-  of  the 
resistance  of  a  solid  body  of  coal,  and,  in  fact,  of  the  simplest  principles 
of  mining.  Instead  of  being  miners  they  are,  what  the  secretary  of  the 
Bureau  of  Labor  calls  them  in  his  1904  report,  coal  "butchers" ;  they 
are  nothing  more  than  unskilled  laborers,  and  many  of  our  disasters  are 
a  convincing  proof  of  the  claim  so  frequently  made,  that  the  successful 
and  intelligent  miner  is  a  skilled  mechanic.  It  is  unfortunate  that  such 
unskilled  labor  is  gaining  a  footing  in  the  coal  mines  of  our  State,  but 
the  fact  that  this  is  so  is  before  us,  and  a  remedy  is  needed.  What  this 
remedy  shall  be  is  hard  to  say ;  the  principle  applied  in  other  industries 
ought  to  be  at  least  tried  in  the  'mines,  and  this  principle  is  to  make 
every  man  that  desires 'a  place  as  a  miner  show  that  he  has  served  an. 
apprenticeship  loading  coal  and  learned  his  trade  before  he  is  allowed 
to  handle  powder  and  prepare  shots.  Experience  is  fully  demonstrating 
that  neither  life  nor  property  is  safe  when  in  the  keeping  of  densely 
ignorant  and  unexperienced  men.  The  cause  of  explosions  of  all  kinds 
should  receive  greater  attention  and  consideration  for  the  reason  that 
no  matter  how  intelligent,  careful  or  circumspect  a  miner  or  a  number 
of  miners  may  be,  they  are  always  liable  to  be  the  victims  of  some  foolish 
or  overt  act  that  would  cost  them  their  lives,. and,  as  the  strength  of  the 
weakest  link  in  a  chain  ^measures  the  strength  of  the  whole  chain,  so 
then  safety  is  measured  by  the  probable  misconduct  of  some  ignorant 
or  vicious  person  who  cannot  realize  the  awful  consequence  of  his  mis- 
behavior. 

Too  much  is  expected  of  our  State  inspectors  of  mines,  and  too  little 
authority  is  granted  to  them  by  law.  If  the  inspectors  are  to  use  all 
possible  means  for  the  prevention  of  accidents  and  to  see  that  necessary 
appliances  are  provided  for  safety  of  those  working  in  and  about  coal 
mines,  they  should  receive  the  cooperation  of  the  operators,  superintend- 
ents, mine  managers,  and  the  miners  themselves.  Thev  should  have  the 
power  to  discharge,  and  police  power  to  arrest,  those  violating  the  lav:. 
Having  such  power  they  could  compel  obedience  to  all  rules  and  law,  and 
establish  such  discipline  as  to  greatly  lessen  the  danger  of  accident.  In 
my  opinion  the  majority  of  the  explosions  and  other  accidents  may  be 
traced  to  a  violation  of  the  mining  law.  which  is  the  usual  result  of  a 
lack  of  discipline. 
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SOME  CAUSES  OF  MIXE  EXPLOSIONS. 

(By  Mr.  Joan  Verner,  State  Mine  Inspector  of  Iowa.) 


There  is  not  a  person  in  this  audience  more  pleased  over  the  establish- 
ment of  the  Pittsburg  experiment  station  than  I.  For  a  number  of 
years  I  have  realized  the  pressing  need  of  the  assistance  of  the  national 
government  in  the  investigations  of  mine  explosions  and  the  advisability 
of  the  creation  of  a  central  source  of  reliable  and  useful  information 
regarding  them,  and  I  am  pleased,  indeed,  that  the  help  of  the  national 
government  has  been  finally  secured.  I  believe  the  work  is  in  thoroughly 
Competent  hands,  and  I  fully  expect  that  the  results  obtained  will  be  of 
material  benefit  to  the  coal  mining  industry  of  the  United  States. 

There  are  two  reasons  why.  in  my  judgment,  we  have  not  made  more 
satisfactory  progress  in  the  solution  of  the  problem  of  dust  explosions. 
The  first  reason  may  be  ascribed  to  the  fact  that  there  has  been  an  appar- 
ent and  persistent  effort  to  befuddle  the  situation  by  dragging  in  non- 
itial.  extraneous  matter  and  by  the  belief  expressed  in  some  quarters 
that  these  explosions  are  due  to  mysterious  agencies.  We  can  excuse  the 
miner  for  his  belief  in  the  supernatural,  but  it  is  disappointing,  to  say 
the  least,  to  have  a  mining  journal  editorially  endorse  the  idea  that 
earthquakes  and  tidal  waves  may  exert  an  influence  in  causing  mine 
explosion-. 

The  second  reason  is  that  the  value  of  the  factors  entering  into  dust 
explosion  and  their  correct  relation  to  each  other  have  not  yet  been 
definitely  established.  It  is  generally  assumed  that  coal  dust  is  the 
prime  factor  in  a  dust  explosion.  In  my  judgment,  this  assumption 
and  belief  has  been  largely  responsible  for  the  long  continued  delay  in 
finding  the  proper  solution  of  the  dust  explosion,  for.  as  T  see  it,  of  the 
three  factors  entering  into  the  problem,  it  is  the  least  important.  Of 
course,  there  must  be  an  initial  flame  and  the  development  of  consider- 
able heat,  but  aside  from  that  the  status  and  manner  of  flow  of  the  mine 
air  constitute  the  prime  and  determining  factors  in  the  starting  of  a 
dust  explosion.  To  a  certain  extent  the  dust  is  merelv  a  passive  factor. 

The  air  question  in  an  explosion  has  been  viewed  so  far  only  from  the 
chemical  standpoint,  yet,  important  as  the  chemical  function  of  air  is  ;n 
the  explosion,  its  mechanical  function  is  the  deciding  feature,  and  I 
sh>ill  attempt  to  show  that  mine  air.  under  proper  conditions,  becomes 
the  most  effective  and  powerful  mechanical  stoker  in  existence. 

I  believe  the  dust  is  thrown  into  the  flame  by  an  inrush  of  air  along 
the  mine  floor  and  I  question  the  entire  correctness  of  the  claim  that  the 
flame  is  injected  into  the  dust. 
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In  an  article  read  before  the  Mine  Inspectors'  Institute  of  America 
last  June.,  I  stated  the  following : 

The  theory  that  the  flame  of  an  explosion  projects  itself  into  the  dust 
ahead  of  it,  and  thus  extends  the  explosion's  scope,  appears  to  be 
extremely  faulty.  It  suggests  a  sort  of  stationary  condition  of  the  sus- 
pended dust,  or  otherwise  its  acceptance  must  be  based  on  the  assump- 
tion that  the  explosion's  flame  moves  faster  than  the  dust,  or,  in  other 
words,  faster  than  its  own  explosive  force.  It  would  seem  that  argument 
is  not  required  to  show  the  apparent  impossibility  of  this.  If  it  is 
assumed  that  dust  and  flame  move  with  about  equal  velocity,  and  that 
there  is  no  inrush  of  air  and  dust,  what  chance  will  there  be  for  the 
extension  of  the  explosion,  with  the  fuel  and  the  air  to  burn  it  receding 
with  a  speed  commensurate  to  that  of  the  advancing  flame  ?  As  a  proof, 
consider  Peckham's  experiments;  mechanical  and  physical  properties  of 
the  air  shown  by  Sir  Frederick  Abel ;  the  dust-fired  furnace. 

The  claim  that  a  dust  explosion's  force  extends  from  the  top  of  the  coal 
down  to  the  bottom  and  in  that  condition  moves  in  one  direction  only 
through  the  mine  passages  is  unbelievable,  because  the  force  would  be 
so  tremendous  as  to  destroy  any  mine,  in  which  it  was  developed,  beyond 
recovery. 

As  to  the  question  of  saturation,  it  is  claimed  that  coal  dust  explo- 
sions are  most  frequent  in  the  coldest  months  of  the  year,  because  of 
undersaturation.  I  am  not  prepared  to  say  that  this  is  not  the  case,  but 
I  can  say  that,  judging  from  the  results  of  the  Altoft's  experiments  and 
actual  explosions  in  this  country,  that  neither  natural  or  artificially  pro- 
duced saturation  have  proved  reliable  preventives  of  dust  explosions  in 
the  past, 

Mr.  Frank  Haas  in  his  splendid  paper  on  coal  dust  expresses  the  belief 
that  undersaturation  presents  a  very  dangerous  feature.  He  cites  the 
fact  that  September,  1907,  was  a  very  dry  month,  and  he  estimates  that 
during  this  period  the  return  air  current  carried  out  fully  20  per  cent 
more  water  than  was  furnished  by  -the  atmosphere  in  the  intake,  which 
in  an  ordinary  mine,  so  he  says,  would  represent  about  3,000  gallons  of 
water  per  day.  Yet,  under  this,  claimed  highly  dangerous  condition, 
there  were  no  explosions  of  any  magnitude  during  the  month  of  Sep- 
tember, 1907,  at  least  I  have  failed  to  hear  of  any.  The  question  arises 
what  prevented  dust  explosions  under  such  circumstances,  when  appar- 
ently, according  to  Mr.  Haas'  view,  the  condition  was  so  favorable  for 
their  occurrence.  Mr.  Haas  favors  pre-heating  the  air  in  the  winter  on 
its  entrance  to  the  mine,  and,  I  believe,  he  is  on  the  right  track  in  this 
respect,  and,  considering  that  September  is  generally  a  warm  month,  it 
is  somewhat  surprising  that  he  puts  so  much  weight  on  undersaturation 
and  neglects  entirely  the  possible  effect  of  the  prevailing  temperature. 
The  work  of  prevention  of  dust  explosions  must  commence  at  the  work- 
ing face. 
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SMOKE  PREVENTION. 

(By  Dr.  W.  A.  Evans,  Commissioner  of  Health,  Chicago,  111.) 


I  am  not  competent  to  discuss  the  technical  side  of  smoke  prevention 
in  such  a  way  as  to  add  to  your  enlightenment.  I  will  discuss  smoke, 
therefore,  as  a  factor  in  air  pollution  and  particularly  in  regard  to  air 
pollution  and  disease. 

In  1907  Chicago  had  32,000  deaths.  Of  these  9,000  were  due  to  what 
we  term  bad  air  diseases :  consumption,,  pneumonia,  bronchitis  and  influ- 
enza. In  1908  there  were  30,000  deaths  and  8,000  deaths  from  this 
group  of  diseases.  In  order  that  you  may  understand  the  importance 
of  these  figures,  compare  the  4,900  deaths  from  pneumonia  with  the 
376  from  typhoid;  the  3,700  from  tuberculosis  with  the  500  from  diph- 
theria. Splitting  the  decennial  period  1898-1907  in  two  and  comparing 
the  last  half  with  the  first,  and,  speaking  in  terms  of  deaths  per  100,000 
living,  we  find  that  deaths  from  all  causes  improved  26.2.  A  part  of 
this  was  due  to  the  following  items :  Improvement  in  acute  contagious 
diseases,  13.2;  impure  water  diseases,  11.7;  impure  food  diseases,  10.8. 
But  in  the  impure  air  diseases  there  is  a  loss  of  21.7.  All  of  the  effort 
had  been  exerted  on  contagious  disease,  impure  water  and  impure  food. 
The  related  groups  improved.  The  pollution  of  the  air  goes  unchecked. 
The  deaths  resulting  increase. 

In  1908  war  was  waged  on  the  impure  air  diseases.  Comparing  1908 
with  the  whole  of  the  ten-year  period  just  cited,  and  still  speaking  in 
deaths  per  100,000  living,  we  find  an  improvement  in  the  general  death 
rate  of  forty-six;  an  improvement  in  the  bad  air  disease  of  forty-six. 
Most  of  that  was  in  pneumonia.  The  consumption  improvement  was 
slight.  But  the  people  who  died  of  consumption  in  1908  got  it,  in  the 
main,  in  1907  and  1906.  The  consumption  death  rate  of  1909  will  be 
a  better  index  of  etiologic  conditions  in  1908  than  was  the  consumption 
death  rate  of  1908. 

As  you  see,  a  little  effort  is  doing  a  lot  of  good.  Some  of  this  effort 
is  being  put  forth  by  the  smoke  commission,  some  by  the  health  depart- 
ment, some  by  the  manufacturers,  some  by  the  doctors,  but,  most  of  it 
is  the  effort  of  the  people  themselves. 

You  will  note  that  I  am  talking  about  air  pollution  and  bad  air  dis- 
eases and  not  specifically  about  smoke.  !N~ow.  what  are  the  air  factors 
in  these  bad  air  diseases? 

As  I  treat  the  subject  from  the  disease  standpoint.  I  must  maintain 
my  perspective,  though  I  realize  that  you  who  work  in  fuel  stand  closer 
to  smoke  and  therefore  with  vou  it  looms  larger  than  I  indicate.  The 
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most  important  item  of  air  pollution  is  the  bacterial  flora  thereof;  the 
tubercle  bacilli,  pneumococci,  diphtheria,  scarlet  fever  and  measles 
germs,  pink  eye,  influenza  and  other  bacteria  of  occasional  interest. 

I  wish  to  make  qualifying  statements : 

First,  Pathogenesis  does  not  persist  more  than  a  few  minutes  when 
the  germs  are  brought  in  contact  with  sunlight  and  a  good  grade  of  air. 
Therefore  not  all  of  the  germs  or  bacteria  which  get  into  the  air  are 
capable  of  spreading  disease.  Much  of  the  dust  is  quite  harmless.  I 
rode  with  the  First  Cavalry  from  Chicago  to  Fox  Lake  and  back  last 
July.  My  usual  station  was  at  the  rear  of  the  column.  There  were 
600  men  and  more  horses;  at  times  the  dust  made  it  impossible  to  see 
objects  forty  feet  away.  There  were  no  colds.  The  same  exposure  to 
the  infected  dust  of  Chicago  streets  would  have  caused  colds  and  pink 
eye  to  be  nearly  universal. 

Second,  Carriers  are  not  of  the  consequence  sometimes  thought.  The 
entirely  well  man  whose  mouth  harbors  pneumococci  or  diphtheria  bacilli 
is  usually  doing  no  harm.  In  the  process  of  habituation  the  host  changes 
the  bacillus  about  as  much  as  the  bacillus  changes  the  host.  The  spreader 
is  the  convalescent  and  the  man  actively  sick. 

The  second  factor  is  trade  dust.  This  dust  is  composed  of  fractured 
particles  with  sharp  edges.  The  workman  usually  works  just  before  a 
dust  making  machine  or  tool,  therefore  he  is  the  point  of  maximum  con- 
centration. The  dust  of  the  more  dangerous  trades  has  no  sulphurous 
acid  to  stifle  and  no  odors  to  offend,  therefore  it  is  tolerated.  For  all 
of  these  reasons  trade  dust  ranks  second  to  bacterial  flora. 

In  the  whole  population,  bad  air  diseases  cause  30  per  cent  of  the  total 
deaths.  In  metal  polishers  and  stone  cutters  actively  workimr.  thov  cause 
90  per  cent  of  the  total  mortality. 

The  third  factor  is  excretory  air.  It  has  been  difficult  to  decide  just 
what  is  the  harmful  factor  in  expired  air.  No  specific  poison  has  been 
demonstrated.  No  extraction  has  been  accepted.  C0=  is  held  to  be  of 
minor  consequence.  Pfiugge's  opinion  that  is  due  to  temperature  acting 
on  the  peripheral  nerve  endings  of  the  body  is  the  most  popular  view 
at  the  present  time.  No  one  had  boon  able  to  demonstrate  just  the 
poisonous  agent  in  the  other  excreta.  This  is  true  of  the  urine  and  the 
faeces.  With  excretory  air,  urine  and  faeces  the  position  is  the  same. 
The  product  is  poisonous— efforts  at  further  analysis  have  been  fruitless. 
The  opinions  other  than  Pfiugge's  are  moderately  harmful.  Pflugge's 
is -positively  harmful  in  that  it  leads  entirely  awav  from  the  one  known 
fact,  that  the  product  is  poisonous.  It  has  one  element  of  truth — cold 
air  environment  is  beneficent,  warm  air  environment  is  harmful.  The 
reason  is,  that  waste  air  expired  into  an  environment  of  cold  air,  being 
hot,  will  at  once  rise  -out  of  the  breathing  zone  and  thereby  become 
harmless,  unless  engineers,  calling  themselves  ventilating  oxperts,  put 
outlets  at  the  floor  and  inlets  at  the  ceiling.  Whenever  the  laws  of  men 
run  counter  to  the  laws  of  God,  man  suffers. 

Fourth,  I  mention  odors  out  of  order  to  get  the  subject  of  the  way- 
odors  serving  as  warnings  have  helped  health  rather  than  hindered  it. 
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The  little  health  harm  which  they  do,  causing  nausea,  worry  and  hys- 
teria in  those  who  get  excited  about  them,  is  offset  by  their  efficacy  in 
keeping  people  away  from  bad  places. 

Fifth,  Smoke.  How  does  smoke  do  harm?  It  fills  the  air  with  car- 
bon particles,  with  CO,  CO,  SO  and  with  volatile  oils.  Most  smoke 
ordinances  are  based  on  the  density  of  smoke.  I  have  been  greatly  inter- 
ested in  the  London  effort  to  rid  their  laws  of  the  dense  smoke  provi- 
sions. This  discussion  is  to  be  found  in  the  Journal  of  the  Royal  Sani- 
tary Institute  for  1907.  It  is  beginning  to  appear  with  us.  For 
example :  A  few  weeks  ago  I  was  visited  by  the  agent  of  one  skyscraper 
complaining  of  a  neighboring  building.  Brother  Bird  had  forced  a 
proper  firebox  into  the  building  complained  of.  There  was  no  smoke. 
But  there  was  a  colorless  gas  which  stifled  those  into  whose  office  win- 
dows it  blew. 

Smoke  carbon  is  probably  as  little  harmful  as  any  solid  which  can 
be  taken  into  the  human  body.  It  is  quite  inert  chemically.  Physically 
it  irritates  but  little.  The  harm  that  it  does  is  that  it  transports  bacteria 
and  secure  entrance  for  them  where  alone  they  would  be  repulsed.  In 
bacteriology  we  have  an  illustration  of  this  principle  in  tetanus,  which 
affects  much  more  uniformly  in  mixtures  than  it  does  alone.  In  physics 
we  have  the  sludge  filtration  methods  of  water  purification. 

Sulphur  compounds  are  very  objectionable  and  probably  more  harm- 
ful. Probably  before  long  our  dense  smoke  ordinances  will  be  changed 
so  as  to  add  to  the  carbon  control  other  provisions  which  will  control 
sulphur  compounds.  Possibly,  also,  combustion  experiments  will  like- 
wise be  directed  more  to  the  solution  of  the  sulphur  problem. 

Markel  suggests  that  sulphur  has  something  like  a  ferment  action  in 
the  air  in  that  in  tends  to  be  automatically  renewable.  He  says  sulphur- 
ous acid  falls  on  iron  and  is  at  once  oxidized  into  sulphuric  acid.  It 
corrodes  the  iron  and  makes  ferrous  sulphate.  This  picks  up  oxygen 
from  the  air  and  makes  basic  ferric  sulphate.  This  picks  up  iron  and 
makes  ferrous  sulphate  and  iron  oxide.  The  rust  drops  off,  and  a 
new  sulphur  cycle  is  started. 

Eideal  found  that  whitewashed  walls  were  of  great  service  where  gas 
was  burned,  as  the  lime  took  up  the  sulphur  from  the  air. 

Amounts  of  sulphur  found  in  the  air  at  different  analyses  are :  Lon- 
don (Eideal)  .015  to  0.77  grams  per  100  cubic  feet.  The  same  at 
Manchester.  At  Kew  an  analysis  of  dust  from  an  exposed  surface  showed 
2  per  cent  sulphur. 

Other  figures  for  sulphur  are:  Cohen  and  Heffort  say  that  for  100 
pounds  of  sulphur  in  coal  71.78  pounds  will  go  off  as  sulphur  gases; 
14.51  pounds  will  be  absorbed  by  the  soot  and  escape  with  it  and  13.71 
pounds  will  remain  in  the  ash.  In  London  each  day  981,792  pounds 
of  sulphur  is  poured  into  the  air  from  coal  consumption:  from  gas,  893 
pounds:  from  mineral  oils,  743  pounds. 

ID  Glasgow  and  Manchester  twenty  tons  of  sulphur  escape  daily  in 
the  smoke. 
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Fats  and  oils  are  of  increasing  importance  from  the  standpoint  of  air 
pollution.  In  this  the  automobile  is  a  bad  offender.  Indirectly  the 
oiling  of  the  streets  which  has  come  about  through  the  influence  of  the 
automobile  has  added  to  the  proportion  of  oils  and  fats  in  the  air. 

Cohen  says  that  in  Leeds  15  per  cent  of  the  soot  is  mineral  oil.  This 
is  less  than  the  Chicago  figures.  Fats  and  oils  probably  harm  health  in 
the  same  indirect  way  as  does  carbon,  but  in  a  lesser  measure.  This  may 
not  be  true  of  gasoline  and  the  products  of  incomplete  gasoline  pro- 
duction. 

CO  and  CO :  The  present  tendencv  is  to  believe  that  we  can  stand 
much  higher  percentages  of  CO  than  are  ever  found  in  the  outside  air. 
That  the  devastating  waves  that  follow  volcanic  eruptions  are  due  to 
CO,  to  sulphur  gases,  and  to  other  gases  and  not  to  CO.  CO  is  directly 
toxic.  C'Oz  is  depressent  and  remotely  toxic  and  therefore  for  both  of 
these  reasons  it  is  harmful.  It  does  not  kill  in  one  whiff  in  any,  con- 
centration. Neither  does  a  child  get  a  complete  education  in  five  minutes 
in  a  grammar  school.  Some  figures  are :  Schafer  says  that  London 
pours  100,000  tons  of  COa  into  the  air  each  day  as  smoke.  Every  ton 
of  completely  consumed  coal  pours  about  three  tons  of  C02  and  CO 
into  the  air. 

The  volume  of  dirt  which  will  deposit  from  the  air  ranges  from  one 
to  six  tons  per  acre  per  year,  according  to  the  location,  with  regard  to 
smoke  and  dust  producers.  It  ranges  broadly  in  quality.  Near  a  boule- 
vard it  is  rich  in  oils ;  near  a  brick  kiln  or  a  factory  or  locomotive  yards 
it  is  rich  in  sulphur  and  in  carbonic  monoxide.  Near  an  elevated  road 
it  is  rich  in  iron. 

How  else  does  it  do  harm  ? 

First,  It  kills  vegetation.  Rough  equilibrium  between  animal  and 
vegetable  life  is  required  to  maintain  atmospheric  chemical  equilibrium. 
Our  two  and  one-quarter  million  people  huddled  on  a  few  square  miles — 
at  places  living  300  to  the  acre — need  trees  and  grass.  Our 
soil  is  sandy  and  poor ;  it  is  drained  dry.  It  is  covered  by 
roofs  and  paving.  Vegetation  at  best  has  a  hard  time.  Smoke  stops  up 
its  pores  with  carbon  and  with  oil.  The  oil  picks  up  other  dirt.  The 
SO?  poisons  when  it  passes  one  part  in  one  million.  Many  kind?  of 
vegetation  will  not  live  at  all  without  washing,  and  grooming  trees  is 
expensive. 

Second,  It  decreases  sunlight.  Sunlight  is  needed  to  kill  bacteria 
and  to  purify  the  air.  It  adds  to  the  cost  of  lighting.  The  St.  James 
Gazette  says  that  smoke  costs  London  $73,000.00  a  day  for  extra  lighting 
bills.  Such  figures  are  little  better  than  guesses.  Aside  from  the  money, 
these  extra  lights  add  to  the  harm  of  smoke  to  health. 

Third,  Fogs.  The  air  heavy  with  suspended  solids  becomes  sur- 
charged with  moisture  and  this  is  fog.  Fogs  are  disease  breeders. 

Fourth,  There  are  wastes  aside  from  direct  health  matters  which  are. 
of  consequences: 

(a)  The  loss  of  fuel  values;  the  large  economics  of  this  you  are 
engaged  in  working  out. 

(b)  The  laundry  cost  of  smoke  is  enormous. 

(c)  The  loss  to*  non  wash  ing  clothes,  in  stores  and  out,  is  very  great. 
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(d)  The  increased  painting  and  whitewashing  expense  is  very  great; 
paint  is  made  dingy  and  is  renewed,  whitwash  becomes  gypsum  and  no 
longer  looks  white.     In  coal  districts  it  is  cheaper  to  let  the  weather 
destroy  the  wood  than  tfl  try  to  protect  it  with  paint  or  whitewash. 

(e)  Metal  structures  are  corroded  by  the  sulphur  gases  and  other 
gases  with  free  bonds. 

(f)  Wooden  work  is  less  durable  as  well  less  sightly. 

(g)  Property  values  of  adjacent  properties  are  lowered  often  times 
to  a  nonproductive  basis. 

(h)     It  serves  to  lower  the  general  tone  of  a  community. 

A  spotless  town  is  more  apt  to  be  moral  than  a  dirty  town.  It  is 
useless  to  try  to  get  a  spotless  town  and  leave  the  smoke.  If  the  air 
is  dirty  it  is  very  hard  to  get  the  streets,  the  yards,  the  clothes,  the 
people  clean. 


—22  G 
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SMOKE  SUPPRESSION. 

(By  A.  Bement,  Consulting  Engineer,  Chicago,  111.) 


The  subject  of  smoke  suppression  and  smokeless  furnaces  is  one  about 
which  very  much  has  been  said  and  written.  It  has,  however,  in  my 
opinion,  simplified  itself  very  much,  so  that  all  I  am  able  to  profitably 
say  may  be  presented  in  a  few  words. 

Every  type  of  stoker  and  furnace  apparatus  regularly  manufactured 
and  on  the  market  as  a  standard  article  of  commerce,  has  produced 
smoke  in  great  volume.  Likewise  each  at  times  has  run  smokelessly,  due 
more  or  less  to  efficient  or  inefficient  operation  and  manual  assistance 
given  the  combustion  process.,  and,  when  manipulated  with  sufficient 
care,  it  has  usually  been  possible  to  secure  a  satisfactory  result.  But, 
strictly  speaking,  there  is  no  furnace  apparatus  on  the  market  offered 
regularly  for  sale  as  a  standard  manufactured  article  which  can  be 
depended  upon  to  burn  coal  without  smoke.  I  realize  that  this  is  a 
rather  sweeping  statement;  it  is  a  fact,  nevertheless.  Therefore,  to 
insure  the  desired  result,  a  better  type  of  apparatus  must  be  employed; 
not  at  all  a  difficult  matter,  as  the  essentials  are  quite  simple.  The  two 
requirements  for  perfect  performance  are  as  follows : 

1.  That  coal  shall  be  introduced  to  the  fire  at  a  uniform  rate,  which 
must  be  done  automatically  by  machinery,  such  as  a  stoker,  as  introduc- 
tion by  hand  is  too  uncertain  and  unreliable ; 

2.  That  a  sufficiently  large  combustion  chamber  lie  afforded,  so  that 
the  gases  are  burned  before  they  escape. 

An  apparatus  filling  such  requirements  was  devised  in  Chicago  some 
seven  or  eight  years  ago  by  Mr.  W.  TV.  Abbott  President  of  the  Board  of 
Trustees  of  this  I'nivcrsity,  and  a  copy  thereof  is  now  located  in  the  engi- 
neering laboratory,  where  it  may  be  observed  in  operation. 

The  great  difficulty  that  confronts  us  is  that  so  much  money  is 
invested  in  the  manufacture  and  so  many  people  engaged  in  the  sale 
of  this  great  mass  of  inefficient  apparatus,  that  improvement  must  neces- 
sarily be  slow.  These  manufacturers  do  not  want  to  discard  their  pat- 
terns and  abandon  the  machine  upon  which  they  have  built  their  business. 
In  this  course  they  are  supported  by  their  friends,  among  whom  are 
consulting  engineers  who  have  specified  such  apparatus,  and  do  not  feel 
cafe  in  -raking  chances  with  something  they  do  not  understand,  notwith- 
standing ihe  fact  that  they  are  credited  with  ability  to  discriminate. 

The  small  plant,  concerning  which  Mr.  Bird  has  spoken,  is  a  genuine 
problem.  Personally,  I  believe  that  stokers  are  justifiable  in  very  small 
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installations,  very  much  smaller,  in  fact,  than  has  usually  been  con- 
sidered profitable.  However,  there  is  a  class  of  service  so  small  that  it 
will  not  pay  the  owner  to  install  a  stoker.  In  such  plants  the  presenc-3 
of  a  man  is  required,  and  stoking  the  fire  is  a  small  problem.  The 
owner  would  find  it  cheaper  to  engage  a  competent  fireman  who  would 
render  efficient  service,  than  to  purchase  an  expensive  apparatus.  In 
these  cases  enforcement  of  smoke  ordinances  will  insure  that  there  will 
be  no  smoke,  provided  a  good  hand-fired  apparatus  is  employed. 

The  sulphur  dioxide  from  chimneys  which  show  no  evidence  of 
smoke  as  referred  to  by  Dr.  Evans,  is  a  serious  matter,  and  it  is  probable 
that  in  cities,  it  will  be  necessary  to  carry  chimneys  to  a  greater  height 
than  is  at  present  the  custom,  so  that  gases  may  be  carried  up  above  the 
building?,  thus  minimizing  the  harmful  effect. 
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THE  COLLEGE  OF  ENGINEERING  AND  THE  MINING  INTERESTS  OF  THE 

STATE. 

Abstract  of  address  delivered  by  W.  F.  M.  Goss,  Dean  of  the  College  of  Engineering,  University  of  Illi- 
nois.) 


The  service  of  first  importance,  which  the  college  of  engineering  of 
the  University  of  Illinois  renders  the  State,  is  that  of  training  young 
men  for  its  industries.  The  extent  to  which  this  service  is  today  being 
rendered  by  the  college  is  to  be  judged  by  the  fact  that  the  enrollment 
of  students  during  the  present  year  exceeds  1,200.  Nearly  every  county 
in  the  State  has  its  representatives  in  the  student  body,  and  many  indus- 
trial establishments  of  this  and  other  states  have  graduates  or  former 
students  of  the  college  upon  their  staff.  In  the  departments  of  civil, 
mechanical  and  electrical  engineering  are  many  courses  which  contribute 
directly  to  the  different  phases  of  the  general  problem  involved  in  the 
production,  transportation  and  utilization  of  fuels,  and  hence  it  appears 
that  the  college  is  already  doing  much  of  direct  benefit  to  the  fuel  min- 
ing interests  of  the  State. 

In  addition  to  its  work  of  training  students,  the  college  of  engineer- 
ing stands  before  the  industries  of  the  State  as  an  independent,  scientific 
agency,  prepared  at  all  times,  so  far  as  it  may  be  able,  to  give  to  any  who 
may  ask  for  it,  accurate  information  concerning  the  principles  of  science 
and  their  application  to  specific  industries.  The  developments  of  modern 
science  and  technology  never  cease,  and  each  new  fact  has  its  effect 
directly  or  indirectly  in  modifying  practice  in  the  arts.  Progress  in  one 
direction  may  open  the  way  for  movements  in  many  different  directions, 
and  it  is  the  province  of  the  college  to  make  the  connection  between 
facts,  which,  in  themselves,  may  be  strongly  scientific  or  technical,  and 
the  every-day  affairs  of  the  shop  and  the  factory.  In  steam  engineering, 
in  the  mechanics  of  machinery,  in  the  art  of  building,  in  the  domains 
of  hydraulics  and  materials  of  construction,  and  in  the  utilization  of 
electric  power,  much  is  already  being  done,  and  more,  we  hope,  will  soon 
be  accomplished.  I  believe  that  the  presence  of  the  faculty  of  the  college 
of  engineering,  serving  the  State  as  an  organized  staff  of  experts  repre- 
senting many  different  fields,  constitutes  a  possession  of  the  industries 
of  the  State  of  such  value  as  amply  to  justify  the  expense  of  its  mainte- 
nance, even  if  there  were  not  hundreds  of  students  to  receive  instruction. 

I  ivo-ret  that  the  College  of  Engineering  of  the  University  of  Illinois 
is  not  yet  making  its  contribution  to  the  mining  industries  of  the  State 
complete.  It  is  caring  for  the  interests  of  civil  engineering,  mechanical 
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engineering,  electrical  engineering,  architectural  engineering,  architec- 
ture, and  for  the  various  material  interests  of  the  railroad ;  but,  as  yet, 
it  offers  no  courses  in  mining  engineering  and  its  staff  does  not  include 
men  who  are  experts  in  the  technique  of  this*  great  industry.  This  will 
not  always  be  so.  There  is  no  fundamental  reason  why  the  college  of 
engineering  should  not  give  the  same  attention  to  the  training  of  mining 
engineers  as  it  now  gives  to  the  training  of  mechanical  engineers. 
Indeed,  fundamentally  there  is  every  reason  why  it  should  give  attention 
to  the  mining  interests,  for  it  stands  as  a  representative  not  of  selected 
industries,  but  of  all  the  industries  of  a  great  State,  and  one  of  the 
greatest  industries  of  this  State  is  that  involved  in  its  production  of  coal. 
But  the  College  of  Engineering  cannot  itself  dictate  what  it  shall  do.  As 
a  public  institution  it  can  but  give  expression  to  the  public  will. 
Throughout  the  organization  of  the  university,  those  departments  have 
been  strongest  for  which  the  public  has  made  and  is  making  imperative 
demands. 

The  matter  of  securing  at  the  University  the  establishment  of  a  Depart- 
ment of  Mining  Engineering  is  one  which  rests  largely  with  the  mining 
interests  of  the  State.  The  fact  that  Illinois  produces  annually  more 
than  50,000,000  tons  of  coal  and  has  a  mineral  industry  amounting  in 
value  to  more  than  $150,000,000.00  should  enable  the  representatives  of 
this  industry  to  speak  in  no  uncertain  tone.  There  is  in  the  State  at 
present  no  center  to  which  parties  interested  in  mining  may  appear  for 
"certain  kinds  of  scientific  information,  and  there  is  no  place  where 
young  men  are  being  instructed  in  the  problems  of  mining  and  smelting. 
If  Illinois  is  to  offer  young  men,  in  addition  to  the  fundamental  lines  of 
instruction  common  to  all  engineering  courses,  specialized  work  bearing 
upon  the  location  and  planning  of  coal  mines  and  upon  problems  affect- 
ing the  economic  production  of  coals  and  the  avoidance  of  mine  wastes, 
and  if  it  is  to  train  men  effectively  in  problems  affecting  the  handling, 
working  and  delivery  of  coal,  the  initial  step  must  be  taken  by  those 
most  vitally  interested  in  the  outcome.  The  matter  is  one  which  must 
rest  largely  with  the  mine  owner,  the  mine  operator,  the  mine  expert,  the 
mine  inspector,  and  with  you.  gentlemen  of  this  conference,  as  repre- 
sentatives of  these  interests,  I  must  for  the  present  leave  the  matter.  I 
shall  hope  that  in  proper  time  a  movement  may  be  started  which  ulti- 
mately will  result  in  the  establishment  here  at  the  university,  under 
your  inspiration,  of  an  organization  of  men  who  know  the  problems  of 
the  mine.  I  feel  sure  that  a  department  thus  directed  and  inspired 
would  have  an  important  part  in  promoting  economy  and  increased  effi- 
ciency in  the  process  of  mining,  and  would  ultimately  prove  helpful  to 
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THE  ENGINEERING  EXPERIMENT  STATION  OF  THE  UNIVERSITY  OF 

ILLINOIS. 

(By  L.  P.  Breckenridge,  Director.) 


DATE  OF    ORGANIZATION. 

The  Engineering  Experiment  Station  of  the  Universit}T  of  Illinois  was 
established  .by  action  of  the  board  of  trustees,  December  8,  1903,  in 
connection  with  the  College  of  Engine  ring. 

There  were  twro  influences  which  led  to  its  establishment;  first,  a 
continual  demand  from  the  industrial  interests  of  the  State  for  scientific 
experimentation  relating  to  manufacturing  processes,  fuel  economies 
anct  transportation  problems ;  secondly,  the  very  great  success  attending 
the  work  of  the  Agricultural  Experiment  Station  at  the  University,  which 
made  it  evident  that  a  similarly  successful  career  ought  to  be  possible 
for  an  Engineering  Experiment  Station.  It  is  very  evident  from  the  work 
which  has  now  been  accomplished  by  the  station,  and  the  many  helpful 
things  it  has  done  for  the  industries  of  the  State,  that  no  mistake  was 
made  in  establishing  such  a  station. 

ORGANIZATION. 

The  control  of  the  Engineering  Experiment  Station  is  vested  in  the 
heads  of  the  several  departments  of  the  College  of  Engineering.  These 
constitute  the  station  staff,  and,  with  the  Director,  determine  the  charac- 
ter of  the  investigations  to  be  undertaken.  The  investigations  are  car- 
ried on  by  the  members  of  the  staff  directly,  by  fellows  as  graduate 
work,  by  members  of  the  instructional  force  of  the  college,  and  by  spe- 
cial investigators  belonging  to  the  station  corps. 

PLAN   AND   SCOPE. 

It  is  the  purpose  of  the  station  to  carry  on  investigations  along  vari- 
ous  lines  of  engineering,  and  to  make  studies  of  problems  of  im- 
portance to  professional  engineers,  and  to  the  manufacturing,  mining, 
railway,  constructional  and  industrial  interests  of  the  State.  It  is 
believed  that  this  experimental  work  will  result  in  contributions  of  value 
to  engineering  science  and  to  the  industries  of  the  State  and  that  the 
pursuit  of  such  investigations  will  give  inspiration  to  students  and  add 
to  the  value  of  the  instructional  work  in  the  College  of  Engineering. 
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REPORTS  PUBLISHED. 

The  results  of  the  investigations  made  are  published  in  the  form  of 
bulletins,  which  record  mostly  the  experiments  of  the  station's  own  staff 
of  investigators.  There  are  also  issued.,  from  time  to  time,  circulars 
and  compilations  giving  the  results  of  the  experiments  of  engineers, 
industrial  works,  technical  institutions  and  governmental  testing  depart- 
ments. The  bulletins  of  the  station  are  distributed  among  the  engi- 
neers and  manufacturing  interests  of  the  State  of  Illinois,  to  libraries 
and  the  technical  press  of  the  country  and  to  such  special  organizations 
as  are  particularly  interested  in  the  subject-matter  discussed  by  individ- 
ual bulletins.  Already  there  have  been  published  twenty-five  of  these 
bulletins  and  from  five  to  twenty  thousand  copies  of  each  one  have  been 
distributed. 

FUXDS  AXXUALLY  AVAILABLE. 

In  carrying  on  the  activities  of  the  Engineering  Experiment  Station, 
there  is  necessary  a  large  amount  of  equipment  of  various  kinds  suit- 
able for  investigational  purposes.  The  regular  equipment  provided  for 
instruction  in  the  College  of  Engineering  has  always  been  used  for  these 
investigations,  supplemented  by  the  purchase  of  special  apparatus  neces- 
sary for  >}>ecial  researches  in  the  Engineering  Experiment  Station.  After 
an  investigation  has  been  concluded,  this  apparatus  becomes  a  part  of 
the  equipment  of  the  department  to  which  it  most  naturally  belongs. 
The  item  of  expense  for  equipment,  therefore,  does  not  enter  into  the 
general  exp«-n-vs  of  the  Engineering  Experiment  Station.  (The  value 
of  this  total  equipment  in  the  College  of  Engineering  is  now  about 
$225,000.00.) 

The  funds  expended  in  carrying  on  the  investigations,  already  com- 
pleted and  now  in  progress,  have  been  during  the  last  five  years  a  little 
$100,000.00,  making  an  annual  expenditure  of  about  $30,000.09. 

The  existence  of  the  Engineering  Experiment  Station  at  the  Univer- 
sity of  Illinois  makes  it  possible  to  utilize : 

(1)      The  library  facilities  of  the  university. 

t  ?  )  The  continual  extension  of  the  equipment  of  the  various  depart- 
ments of  the  College  of  Engineering. 

(3)  The  helpful  suggestions  and  cooperation  of  other  scientific 
departments  at  the  University  outside  of  the  College  of  Engineering. 

With  these  three  aids  the  expenditure  of  our  funds  is  bound  to  result 
in  much  larger  returns  than  would  be.  possible  otherwise. 

M  <;<;I:SLIOXS  FOR  FUTURE  WORK. 

In  determining  the  character  of  the  work  which  the  station  shall 
undertake,  the  most  careful  consideration  will  be  given  first  to  the  needs 
and  the  im  ste  the  State  of  Illinois.  Fortunately,  Illinoi- 
singularly  favored  in  all  the  conditions  requisite  for  a  rapid  and  perma- 
nent industrial  development,  and  its  interests  cover  very  wide  fields  of 
engineering  activity.  In  view  of  its  cheap  and  abundant  fuel,  its  great 
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agricultural  wealth  and  its  unexcelled  facilities  for  the  transportation  of 
raw  material  and  finished  products,  it  is  not  surprising  that  Illinois  is 
the  second  state  in  the  Union  in  agriculture  and  third  in  manufactures. 
With  these  great  resources  devolves  upon  us  great  responsibility  in 
developing  and  husbanding  them.  The  testing  of  its  materials  of  con- 
struction will  always  be  a  matter  of  importance  for  any  state.  The 
prevention  of-  the  waste  of  material  growing  more  and  more  expensive, 
as  wood,  and  the  correct  factors  of  strength  of  new  materials,  as  con- 
crete, are  always  subjects  for  the  most  careful  investigation.  To  this 
work  we  are  giving  considerable  attention,  and  the  demand  for  the 
results  of  our  tests  on  reinforced  concrete,  which  are  being  carried  on 
under  the  supervision  of  Prof.  A.  N".  Talbot,  indicates  the  interest  which 
is  taken  in  this  work  and  the  necessity  felt  by  architects,  constructors 
and  builders  for  the  most  exact  information  along  these  lines. 

The  work  of  the  station  will  also  extend  into  some  fresh  fields,  seeking 
to  discover  new  ways  and  means  for  economizing  energy  and  materials, 
for  the  prevention  of  waste,  for  the  perfection  of  labor-saving  machinery, 
for  safer  methods  of  travel,  and  for  surer  sanitary  methods  of  water 
supply  and  sewage  disposal. 

Fuel  supply  is  of  such  prime  importance  in  our  industrial  develop- 
ment that  no  effect  will  be  spared  in  the  introduction  and  promulgation 
of  improved  methods  and  processes  in  the  mining,  preparation  and  con- 
sumption of  coal.  From  broad  economical  considerations  wasteful 
methods  of  using  coal,  or  the  rejection  of  anv  combustible  part  as  waste, 
are  to  be  discountenanced.  Exhaustive  and  careful  experiments  will  be 
required  before  the  best  conditions  can  be  attained.  These  experiments 
must  include  analyses  of  coals  from  all  parts  of  the  State,  a  determina- 
tion of  the  best  kinds  of  coal  for  specific  purposes,  best  methods  of 
burning  Illinois  coals,  effects  of  various  methods  of  preparations,  expe- 
riments on  various  kinds  of  furnace  construction,  etc. 

Along  the  line  of  power  production  there  is  opportunity  for  much 
investigation.  New  problems  are  confronting  both  the  builders  and 
users  of  steam  and  gas  motors.  There  is  at  present  a  noteworthy  change 
from  the  reciprocating  engine  of  large  size  to  the  steam  turbine.  Gas 
engines  of  large  power  have  recently  been  installed,  and  the  development 
of  this  type  of  motor  bids  fair  to  be  more  rapid  in  the  near  future.  Still 
newer  types  of  motors  are  being  proposed  from  time  to  time,  the  gas 
turbine  being  one  that  at  present  occupies  much  attention  as  an  attrac- 
tive possibility. 

For  the  user  of  power,  the  station  can  investigate  questions  relative 
to  the  economy  of  various  types  of  power  installations  with  given  condi- 
tions of  service.  For  the  builders  of  motors  it  can  investigate  the  new 
and  perplexing  problems  that  have  arisen.  The  properties  of  the  various 
fluids  used  in  heat  motors  need  careful  study.  Superheated  steam  is 
essential  to  the  proper  working  of  a  steam  turbine,  yet  many  of  its  prop- 
erties remain  to  be  investigated.  The  properties  of  ammonia  and  other 
fluids  used  in  refrigeration  are  not  known  accurately,  and  even  the  prop- 
erties of  saturated  steam  are  based  on  Eegnaulfs  experiments  made 
nearly  seventy  years  ago.  A  careful  investigation  of  the  properties  of 
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heat  media  of  all  kinds,  extending,  if  necessary,  over  a  series  of  years, 
would  furnish  data  of  the  greatest  value  to  engineers,  and  would  in 
addition  be  a  noteworthy  contribution  to  science. 

Considerable  work  for  the  railroad  interests  has  already  been  done  by 
the  Railway  Engineering  Department  of  the  University.  This  depart- 
ment owns  jointlv  with  the  Illinois  Central  Railroad  a  dynamometer 
car  equipped  for  steam  roacl  experimental  work.  With  this  car  there  have 
been  made  numerous  road  tests  for  the  establishment  of  tonnage  ratings. 
The  department  also  owns  a  200-horsepower  electric  car  of  the  inter- 
urban  type,  especially  designed  and  thoroughly  equipped  for  electric 
traction  work.  Railway  work  with  both  these  cars  will  be  prosecuted 
vigorously  under  the  direction  of  the  new  school  of  railway  engineering 
and  administration  recently  organized. 

It  is  expected  that  the  experiment  station  will  prove  helpful  to  the 
manufacturing  and  building  interests.  In  the  first  place,  it  will  supply 
accurate  data  regarding  the  properties  of  the  materials  used  in  engi- 
neering structures  and  buildings.  The  laboratory  of  applied  mechanics 
with  its  extensive  field  needs  much  greater  facilities  for  this  line  of 
work,  as  the  reinforced  concrete  tests  now  in  progress  show  great  possi- 
bilities. In  the  near  future,  an  extensive  series  of  tests  on  cast-iron 
columns,  and  on  various  forms  of  steel  and  iron  members  is  contem- 
plated. Secondly,  the  experiment  station  will  investigate  manufacturing 
processes.  As  an  example  of  this  line  of  work  the  high-speed  steel  tests 
are  cited.  Thirdly,  problems  relating  to  design  and  construction  will  be 
studied,  and  all  useful  results  will  be  published  for  the  benefit  of  those 
engaged  in  design  or  construction. 

As  a  rule  the  experiment  station  will  undertake  only  such  investiga- 
tions as  will  lead  to  results  of  fundamental  importance,  results  that  will 
be  helpful  to  a  large  class  of  engineers  or  manufacturers.  It  will  not, 
in  general,  undertake  work  of  importance  to  individuals  only,  e.  g.,  the 
testing  of  a  device  or  invention  for  the  sole  benefit  of  the  inventor. 

The  station  is  now  planning  to  make  a  more  systematic  study  of  the 
industrial  and  engineering  interests  of  the  State  of  Illinois,  more  par- 
ticularly with  the  thought  in  mind  that  these  industries  should  be 
advised  as  to  the  work  already  accomplished  by  the  station,  and  also 
that  more  exact  knowledge  may  be  obtained  concerning  the  needs  of  the 
various  industrial  interests  throughout  the  State.  Kenneth  G.  Smith, 
A— istant  Professor  of  Mechanical  Engineering,  has  been  appointed  in 
charge  of  this  work. 

Prof.  Smith,  in  the  capacity  of  Industrial  Visitor,  will  visit  the 
manufacturing  centers  of  Illinois  in  order  to  become  acquainted  with 
the  problems  confronting  these  various  interests,  so  that  such  funda- 
mental problems  as  affect  a  large  number  of  our  industries  can  be  taken 
up  and  such  study  of  these  problems  made  as  facilities  and  funds  permit. 

SUGGESTIONS   FOR  FUTURE  WORK. 

1.  (a)  The  determination  of  the  strength  of  materials  used  in  con- 
structive engineering  work. 

(b)  A  study  of  municipal  water  supply  and  sewage  disposal  as  affecting 
public  health. 


346  YEAR  BOOK  FOR   1908.  [BULL.  NO.  14 

2.  FUEL  INVESTIGATIONS. 

(a)  A  study  of  the  best  methods  of  using  economically  the  fuels  of  the^ 
State,  not  only  for  the  production  of  power,  but  for  the  heating  of  buildings, 
metallurgical  purposes,  etc. 

(b)  Economic  production  and  use  of  steam. 

(c)  Use  of  Illinois  coal  in  the  gas-producer  and  gas  engine. 

(d)  Utilization  of  oil  products  for  economical  and  industrial  purposes. 

(e)  A  study  of  the   development  and  economical  use  of  the  machinery 
used  in  mining  operations. 

(f)  A  study  of  the  development  and  economic  production  of  manufactured 
products. 

3.-    (a)     A  study  of  the  economic  construction  and  maintenance  of  roads. 

(b)     A  study  of  the  properties  and  strength  of  fabricated  articles,  such  as 

bridges  and  frame  work  of  important  engineering  machines  and  structures. 

4.  (a)     Generation,  transmission  and  utilization  of  electrical  energy, 
(b)     A  study  and  investigation  of  the  economic  and  satisfactory  methods 

of  telephony. 

5.  A  study  of  the  problems  of  economic  transportation  of  materials  by 
rail  and  water. 


PUBLICATIONS    OF    THE   ENGINEERING    EXPERIMENT    STATION. 

The  demand  for  our  publications  has,  in  some  cases,,  entirely  exhausted 
the  supply.  We  regret,  therefore,,  that  we  cannot  comply  with  your 
request.  The  following  list  shows  which  of  the  bulletins  are  still  avail- 
able. We  shall  be  glad  to  mail  any  of  these  to  you  upon  request. 

BULLETINS  OUT  OF  PRINT. 

Bulletin  No.  1.  Tests  of  Reinforced  Concrete  Beams,  by  Arthur  N.  Tal- 
bot.  1904. 

Circular  No.  2:    Drainage  of  Earth  Roads,  by  Ira  O.  Baker.  "  1906. 

Bulletin  No.  3.  The  Engineering  Experiment  Station  of  the  University 
of  Illinois,  by  L.  P.  Breckenridge.  1906. 

Bulletin  No.  5.  Resistance  of  Tubes  to  Collapse,  by  Albert  P.  Carman. 
1906. 

Bulletin  No.  6.     Holding  Power  of  Railroad  Spikes,  by  Roy  I.  Webber.    1906. 

Bulletin  No.  8.  Tests  of  Concrete:  I.  Shear;  II.  Bond,  by  Arthur  N. 
Talbot.  1906. 

Bulletin  No.  10.  Tests  of  Concrete  and  Reinforced  Concrete  Columns, 
Series  of  1906,  by  Arthur  N.  Talbot.  1907. 

Bulletin  No.  11.  The  Effect  of  Scale  on  the  Transmission  of  Heat  through 
Locomotive  Boiler  Tubes,  by  Edward  C.  Schmidt  and  John  ML  Snodgrass. 
1907. 

Bulletin  No.  12.  Tests  of  Reinforced  Concrete  T-beams,  Series  of  1906, 
by  Arthur  N.  Talbot.  1907. 

Bulletin  No.  14.  Tests  of  Reinforced  Concrete  Beams,  Series  of  1906,  by 
Arthur  N.  Talbot.  1907. 

Bulletin  No.  17.  The  Weathering  of  Coal,  by  S.  W.  Parr,  N.  D.  Hamilton 
and  W.  F.  Wheeler.  1908. 

BULLETINS  AVAILABLE. 

Circular  No.  1.     High  Speed  Tool  Steels,  by  L.  P.  Breckenridge.     1905. 
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ECONOMY  IN  THE  USE  OF  FUEL. 

(By  A.  Bement,  Consulting  Engineer,  Chicago,  111.) 


There  are  man^  features  concerning  the  economical  use  of  coal,  such 
as  that  of  securing  combustion  with  high  CO  and  small  air  supply; 
utilization  of  the  heat  by  efficient  boilers,  and  many  other  items  of  like 
character  to  which  I  shall  not  refer. 

There  are  two  things,  however,  not  very  well  understood,  that  to  my 
mind  are  of  special  moment,  the  importance  of  which  have  been  under- 
estimated. One  is  the  loss  in  smoke  when  coal  is  improperly  burned, 
which,  it  would  appear,  is  equal  to  about  10  per  cent  if  the  fuel  used  is 
bituminous  coal  and  the  furnace  an  average  smoke  producer.  The  other 
feature,  is  the  loss  of  efficiency  caused  by  excessive  ash  in  coal,  or,  in 
other  words,  fuel  having  dirt  mined  or  mixed  with  it.  Such  coal  burned 
in  a  calorimeter  generates  a  full  measure  of  the  heat  content  therein. 
When  used  in  a  commercial  fire,  however,  the  percentage  of  heat  real- 
ized therefrom  decreases  at  a  remarkable  rate  with  increase  in  ash.  In 
this  connection  the  Journal  of  the  Western  Society  of  Engineers,  Vol. 
XI,  p.  530,  contains  a  paper  l>\  Mr.  W.  L.  Abbott,  presenting  results  of 
experiments,  wherein  a  uniform  size  of  coal  was  employed  in  a  series  of 
tests  with  a  boiler  and  chain  grate  stoker.  On  the  first  day  of  the  experi- 
ments the  coal  was  burned  in  the  condition  as  received.  On  the  second 
day  a  small  quantity  of  ash  was  thoroughly  mixed  "with  the  coal,  and  on 
each  succeeding  day  an  increased  quantity  of  ash  added,  until  a  point 
was  reached  where  no  steam  was  generated  at  all,  which  condition  devel- 
oped when  the  per  cent  of  ash  in  the  dry  coal  was  40,  or,  in  other  words, 
f>0  per  cent  of  the  dry  coal  was  burned  up  without  producing  any  useful 
effect. 

In  the  conservation  of  our  natural  resources,  these  two  facts,  so  far  as 
I  ana  aware,  have  not  been  considered.  That  they  are  of  enormous 
importance,  however,  may  be  readily  realized,  if  these  two  losses,  one 
from  smoke  and  the  other  from  decreased  efficiency  due  to  dirt  in  coal. 
be  calculated  upon  a  basis  of  the  total  coal  production  of  the  State. 

These  two  conditions  are  caused,  first,  bv  improperly  constructed  fur- 
naces ;  second,  by  careless  mining  methods.  One  of  the  things  that  is 
conducive  to  dust  explosions  in  mines,  that  of  blasting  from  the  solid 
face,  is  responsible  for  dirty  coal,  and  dirty  coal  is  not  only  a  damage  to 
the  business  of  the  coal  producer,  but  likewise  an  injury  to  the  consumer. 
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COALS  FOR  BOILER  PLAXTS. 

(By  D.  T.  Randall,  Engineer,  U.  S.  Geological  Survey,  Washington,  D.  C.) 


INTRODUCTION. 

It  is  well  known  that  certain  coals  are  especially  suited  for  locomotive 
use.  others  for  metallurgical  use,  for  illuminating  gas,  or  for  the  manu- 
facture of  coke,  etc.,  but  all  coals  are  considered  as  a  possible  fuel  for 
boiler  plants. 

This  being  so,  it  is  important  to  know  about  the  design  of  furnaces 
and  the  influence  of  certain  characteristics  of  coal  in  order  that  the  best 
results  may  be  obtained. 

FURXACES. 

An  ideal  furnace  would,  of  course,  be  one  in  which  all  coals,  no  matter 
what  the  character  of  their  composition,  could  be  burned  with  equal 
efficiency. 

Kiiul*  of  Furmirr*. — Furnaces  may  be  generally  classified  as  follows: 

1.  The  hand  fired  grate  set  in  a  chamber  enclosed  by  the  iron  surfaces 
of  the  boiler,  as  in  the  internally  fired  boilers  of  marine  type,  in  the  loco- 
motive type  used  for  stationary  purposes,  house  boilers  and  small  vertical 
boilers.  These  boilers  cool  the  gases  from  the  coal  and  are  not  suited  for 
use  with  coals  containing  more  than  a  small  percentage  of  volatile  matter. 
AYhere  bituminous  coal  is  burned  in  such  boilers  there  is  a  considerable 
loss  of  unburned  gases,  as  is  evidenced  by  the  smoke  given  off. 

•„'.  Hand  fired  grates  set  in  a  chamber  partially  enclosed  by  brick  and 
with  the  boiler  surfaces  just  above  or  near  the  surface  of  the  fire.  This 
includes  the  usual  setting  for  horizontal  return  tubular  and  water  tube 
boilers.  These  are  not  suited  for  burning  bituminous  coal. 

3.  Hand  fired  grates  set  in  a  brick  chamber  with  a  considerable  space 
for  combustion  to  take  place  before  the  gases  reach  the  surfaces  of  the 
boiler.  This  may  be  accomplished  by  brick  arches,  tiles,  etc.,  and,  in 
addition,  piers,  baffle  walls  and  other  devices  are  added  to  assist  in  mix- 
ing the  gases  and  air  while  within  the  combustion  space.  With  these 
may  be  included  down  draft  furnaces,  and  coking  furnaces  fired  by  hand. 

Many  of  the  above  when  carefully  fired  give  good  results  and,  with 
certain  sixes  and  kinds  of  coal,  they  may  be  operated  without  dense  black 
smoke,  but  usually  not  without  some  smoke.  Often  a  special  coal  is 
required  to  secure  good  results.  This  creates  a  demand  for  coals  low  in 
ash  and  of  large  size.  Screenings  are  seldom  burned  on  such  furnaces 
with  good  results. 
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4.  Automatic  stokers  partially  enclosed  in  brick  with  a  small  com- 
bustion chamber  and  a  short  distance  from  the  grates  to  the  boiler  fur- 
nace.    Such  settings  usually  give  good  results  except  at  high  capacities 
or  when  the  load  is  changed  suddenly.    They  give  off  more  or  less  smoko 
depending  upon  the  size  and  character  of  coal  used.    Coals  high  in  fixed 
carbon  may  be  used  with  good  results. 

5.  Automatic  stokers  enclosed  in  brick  settings  with  a  large  combus- 
tion chamber  and  a  considerable  distance  from  the  grates  to  the  boiler 
surfaces.     Such  settings  will  burn  almost  any  size  or  kind  of  coal  with 
economy  and  without  smoke  within  reasonable  ranges  of  load. 

Time  is  required  for  the  air  and  gases  to  burn  and  any  means  that 
will  facilitate  the  ultimate  mixture  of  the  air  and  gases  will  reduce  the 
size  of  the  combustion  chamber  necessary  for  good  results.  In  general 
then,  for  most  coals,  and  especially  for  those  which  have  high  percentage 
of  volatile  matter,  it  has  been  found  more  satisfactory  to  install  -some 
kind  of  device  which  will  feed  the  coal  regularly  in  small  quantities, 
allowing  it  to  become  heated  gradually,  driving  off  a  practically  uniform 
amount  of  gas  to  which  a  proper  amount  of  air  can  be  admitted  and 
burned  in  a  combustion  chamber  which  is  sufficiently  large  to  allow  of 
complete  combustion  in  the  furnace. 

DRAFT. 

In  considering  any  type  of  furnace,  one  should  keep  in  mind  the  neces- 
sity of  having  a  strong  draft  available.  This  may  be  provided  by  a, 
stack  or  a  fan.  A  stack  may  be  supplemented  by  a  force  draft  fan  or 
an  induced  draft  fan  may  be  used  alone  or  in  connection  with  a  forced 
draft  fan.  Most  plants  do  not  have  sufficient  draft  at  times  when  boilers 
are  overloaded. 

The  amount  of  draft  required  depends  upon  the  kind  of  coal  used,  the 
size  of  the  coal  and  on  the  load  to  be  carried.  Stacks  should  seldom 
be  less  than  120  feet  high.  In  many  cases  they  must  be  higher  or  a  fan 
used  with  them.  For  most  bituminous  coals  a  draft  or  difference  of 
pressure  of  one-fourth  inch  of  water  between  the  top  and  bottom  of  the 
fuel  bed  will  be  sufficient.  For  small  sizes  of  bituminous  coals  and  for 
the  various  small  sizes  of  anthracite  coal,  the  draft  required  is  greater. 
For  buckwheat  sizes  of  anthracite,  a  draft  of  one  inch  of  water  is  fre- 
quently necessary. 

CHOICE  OF  COALS. 

General. — Because  a  coal  is  sold  at  a  low  price  per  ton  does  not  of 
necessity  make  it  the  cheapest  coal  to  buy.  In  choosing  a  coal  when  the 
furnace  equipment  and  other  conditions  are  favorable,  the  one  giving 
one  million  heat  units  for  the  lowest  cost  will  prove  to  be  the  most  eco- 
nomical to  purchase.  As  a  rule,  coals  mined  near  the  point  of  consump- 
tion and  bearing  only  a  small  freight  charge  will  be  the  cheapest  coals 
to  purchase,  and,  in  most  cases,  it  will  pay  to  install  a  suitable  furnace 
to  burn  them. 

An  engineer  having  full  information  before  him  may  then  decide 
whether  his  furnaces  are  suitable  for  burning  the  cheapest  coal  or  whether 
it  will  be  profitable  to  change  the  furnaces. 
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It  often  happens  that,  for  some  good  reason,  it  is  impossible  to  change 
the  equipment  and  in  this  case  it  is,  of  course,  necessary  to  choose  a 
grade  of  coal  which  will  make  it  possible  to  generate  the  steam  required 
even  though  it  he  more  expensive.  These  conditions  arise  especially  in 
plants  belonging  to  government  or  state  institutions  and  in  plants  which 
are  rented. 

In  considering  coals  for  boiler  plants,  one  must  be  familiar  with  the 
kinds  and  grades  of  coal  available,,  their  chemical  characteristics  and  the 
prices,  together  with  the  furnace  equipment  to  be  used. 

Certain  characteristics  of  coal  determine  the  method  of  firing  or  the 
design  of  furnace  required  to  burn  them  most  efficiently. 

Among  these  are  the  tendency  to  clinker  and  to  cake  in  burning.  The 
amount  and  character  of  the  volatile  matter,  ash  and  moisture  are  also 
important. 

flow  to  Select  Coal. — In  choosing  coal  for  a  boiler  plant,  it  is  prob- 
able that  the  chemical  comparison  is  the  more  reliable,  if  based  upon 
a  representative  sample  of  the  coal,  than  a  boiler  test.  The  possibility 
of  doing  accurate  work  in  a  laboratory  is  greater  than  in  a  boiler  room, 
when-  the  fireman  may  unintentionally  influence  results  by  his  method 
of  handling  a  fire.  Usually  it  requires  a  few  days  for  a  fireman  to 
become  accustomed  to  a  new  coal,  and  even  an  expert  fireman  has  diffi- 
culty to  burn,  the  same  coal  two  days  in  succession  and  supply  the  same 
amount  of  air  per  pound  of  coal  each  time.  A  boiler  test  is  only  a 
rough  determination  and  two  tests,  one  on  each  of  two  coals,  are  seldom 
sufficient  for  comparison.  If  several  tests  can  be  run  and  the  averages 
of  the  results  of  these  taken,  they  will  compare  pretty  closely  with  the 
chemical  valuation  of  the  coal,  provided  the  coals  are  of  the  same  general 
character.  Coals  high  in  fixed  carbon  and  low  in  moisture  give  better 
results  than  those  high  in  volatile  matter  and  moisture.  This  is  true 
in  nearly  all  furnaces  and  especially  true  of  those  not  provided  with 
fire-brick  furnaces. 

. — In  the  perfect  furnace  which  has  been  mentioned,  the  value  of 
the  coal  should  depend  entirely  upon  the  heat  units  which  are  available 
in  the  coal.  This  being  so.  the  heat  value  would  be  the  true  basis  for 
the  purchase  of  coal.  Unfortunately,  as  has  just  been  mentioned,  the 
sizes  of  the  coal,  even  though  it  is  otherwise  equally  high  in  B.  t.  u.,  is 
an  important  element  in  burning  the  coal  on  most  kinds  of  equipment. 
Usually  the  smaller  sizes  are  more  difficult  to  burn  on  account  of  the 
difficulty  of  drawing  air  through  the  fuel  bed,  and  in  many  kinds  of  coal 
the  smaller  sizes  contain  a  greater  percentage  of  ash  than  do  the  larger 
size-. 

Owing  to  the  difficulty  of  burning  the  smaller  sizes  of  coal,  they  are 
usually  much  cheaper  than  the  larger  coals.  Improved  furnaces  with 
strong  drafts  have  been  provided  in  so  many  ^lants  that  very  little  coal 
is  being  wasted  today  on  account  of  its  size.  The  culm  banks  of  the 
anthracite  region  are  being  put  through  washeries  and  the  good  portion 
sold  for  fuel.  Many  coals  break  up  badly  in  handling.  This  is  espe- 
cially true  of  some  of  the  high-grade  eastern  coals.  Some  of  them  are 
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.delivered  with  20  per  cent  fine  coal  which  will  pass  through  a  screen  with 
round  holes  one-eighth  inch  in  diameter.  If  the  coals  cake  in  burning, 
this  is  not  so  serious  as  with  noncaking  coals.  With  fine  coal  a  much 
stronger  draft  is  required,  which,  in  some  cases,  carries  a  considerable 
quantity  of  the  very  fine  fuel  off  the  grate  before  it  is  burned,  and  in 
case  it  does  not  cake  there  is  also  a  considerable  loss  due  to  sifting 
through  the  ash  pit. 

Chemical  Characteristics. — The  results  of  more  than  600  steaming 
tests  conducted  at  the  Fuel  Testing  Plant  of  the  IT.  S.  Geological  Survey 
show  that  with  the  equipment  used  coals  from  Illinois,  Indiana,  Ken- 
tucky, Iowa,  Missouri  and  Kansas  may  all  be  burned  with  practically 
the  same  efficiency,  even  though  the  heating  value  varies  from  8,000  to 
13,000  B.  t.  u.  per  pound  of  coal,  the  ash  varies  from  8  to  25  per  cent, 
the  moisture  varies  from  3  to  20  per  cent  and  the  volatile  matter  varies 
from  30  to  more  than  40  per  cent  in  these  coals. 

Influence  of  Heating  Value. — The  results  of  these  tests  indicate  that 
for  coals  of  the  same  general  character  the  performance  of  a  boiler 
depends,  for  the  most  part,  upon  the  B.  t.  u.  available  in  the  coal ;  that 
moisture,  volatile  matter,  sulphur  and  ash  have  more  or  less  influence 
on  the  capacity  and  efficiency.  It  is  difficult  to  separate  the  effects  due 
to  any  one  of  these  items,  except  when  they  occur  in  large  percentages. 
Coals  of  the  same  character  may  be  compared  directly  on  the  basis  of  the 
B.  t.  u.  in  the  coal  as  received  without  serious  error.  It  is  important 
to  note  that  the  heating  value  should  be  considered  on  the  basis  of  the 
!!u;i«t  coal  "as  delivered''"  and  not  on  the  dry  coal  (See  table  II).  Coals 
of  different  character  may  be  compared  on  the  basis  of  their  B.  t.  u. 
values,  but  account  must  also  be  taken  of  the  percentage  and  character 
of  volatile  matter,  the  percentage  of  ash  and  the  percentage  of  moisture. 
An  allowance  for  these  must  bo  made,  depending  on  the  conditions  und-^r 
which  the  coal  will  be  used. 

Influence  of  Moisture. — The  loss  due  to  moisture  in  the  coal  when 
present  in  small  percentages  is  comparatively  small.  Stated  roughly, 
this  loss  amounts  to  about  1  per  cent  for  each  10  per  cent  of  moisture, 
based  on  the  "combustible"  in  the  coal.  It  will,  therefore,  be  seen  that 
an  increase  of  1  or  2  per  cent  of  moisture  in  the  coal  has  but  little 
effect  on  the  efficiency  of  the  boiler.  However,  when  moisture  occurs  in 
large  percentages,  as  it  does  in  some  coals,  there  is  a  serious  loss  due  to 
the  heat  required  to  evaporate  this  moisture  from  the  coal  and  to  the 
reduction  in  temperature  of  the  furnace  gases.  This  loss  is  not  corrected 
for  in  chemical  reports  on  B.  t.  u.  in  coal,  and  an  allowance  should  he 
made  if  a  coal  is  high  in  moisture.  This  would  correspond  to  the  so-called 
low  B.  t.  u.  value  of  gas  and  liquid  fuels  used  in  internal  combustion 
enp-imx  (See  last  column,  table  II). 

In  order  to  make  clear  the  relation  between  the  different  forms  of 
reporting  coal  analyses  and  to  show  the  influence  of  moisture  in  coal 
when  both  moisture  and  ash  are  present  in  varying  amounts,  the  follow- 
ing tables  have  been  prepared. 

Influence  of  Ash. — It  is  difficult  to  determine  just  what  effect  the 
presence  of  ash  may  have  on  the  efficiency  of  the  boiler.  Apparently 
it  is  small.  Ash  has,  however,  a  decided  influence  on  the  capacity  at 
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which  a  given  equipment  may  be  operated;  it  reduces  the  effective  grate 
area  and  introduces  an  added  resistance  to  the  flow  of  air  through  the 
fuel  bed.  There  is  also  a  loss  of  efficiency  and  capacity  due  to  the  neces- 
sity of  cleaning  fires  more  frequently.  This  becomes  of  less  importance 
in  types  of  furnaces  where  the  ash  is  discharged  by  dumping  or  other 
automatic  discharging  devices. 

Influence  of  Volatile  Matter. — The  volatile  matter  in  the  coal  is  also 
an  important  element,  as  it  is  more  difficult  to  burn  than  the  fixed 
carbon.  The  percentage  of  volatile  matter,  as  shown  by  the  proximate 
analysis,  is  not  a  direct  measure  of  the  difficulty  of  burning  the  coal 
with  good  efficiency  and  without  smoke.  Different  coals  having  practi- 
cally the  same  percentage  of  volatile  matter  vary  in  the  amount  of  tars 
and  heavy  hydrocarbon  given  off  when  the}'  are  heated.1 

In  addition  to  the  above,  it  must  be  remembered  that  the  volatile  mat- 
ter is  not  all  combustible  material  and  the  variation  in  this  respect  is 

TABLE  I. 

Proximate  analyses  of  coals  from  different  narts  of  the  United  States. 
(See  Prof.  Paper  48,  U.  S.  Geological  Survey.) 


PROXIMATE 

ANALYSIS 

OF  COAL  A 

s  FIRED. 

Fixed 
Carbon. 

Volatile 
matter. 

Mois 

I 

ture.       ; 

Ash, 

B.t.u. 

I 

W.  Va.8  

Ill  1 

56.68 
38  21 

31.19 
36  91 

5.26 
9  69 

6.87 
15  19 

13677 
10706 

Mo  3 

29  98 

26  18 

18  63 

25  51 

7758 

X  Dak  1 

25  40 

28  13 

35  84 

10  63 

6674 

TABLE  II. 

The  influence  of  moisture  and  ash  in  coal  on  the  B.  t.  u.  values  and 
on  the  heat  units  available  to  the  boiler.     Same  coal  as  in  table  I. 


COAL. 

COMPARISON*  OF  B.  T.  u. 
VALUES. 

COMPARISON  OF  ASH. 

MOISTURE. 

B.t.u. 
as 
fired. 

B.t.u. 
dry 
coal. 

B.t.u. 
"combusti- 
ble." 

Ash  in 
coal 
as 
fired. 

Dry 
coal. 

Ash 
"combusti- 
ble." 

In  coal 
as 
fired. 

Moisture 
"combusti- 
ble." 

Heat  loss 
due  to 
moisture 
in  coal 
percent 
combusti- 
ble. 

W.  Va.8. 

13,677 

14.436 

15,564 

6.87 

7.25 

7.83 

5.26 

5.99 

0.49 

111.1  

10,706 

11,855 

14.252 

15.19 

16.82 

20.22 

9.69 

12.90 

1.15 

Mo.  3  
X.  Dak.  1 

7,758 
6,674 

9,535 
10,402 

13,817 
12,466 

25.51 
10.63 

30.99 
16.56 

44.90 
19.85 

18.63 
35.84 

33.17 

67.00 

. 

3.16 
6.70 

-  See  paper  by  Porter  &  Ovitz  in  American  Chemical  Journal. 
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very  great  when  all  the  coals  in  the  country  are  compared.  Coals  having 
a  high  percentage  of  volatile  matter  which  is  nearly  all  combustible  are 
found  to  be  the  most  difficult  to  burn  properly.  The  results  obtained 
from  tests  on  an  iron-enclosed  furnace  show  a  drop  in  efficiency  as  great 
as  10  or  12  per  cent  in  burning  coals  ranging  from  18  down  to  45  per 
cent  volatile'  matter  in  the  "combustible/'  A  well-designed  furnace 
reduced  this  loss  in  efficiency  when  burning  such  coals  to  about  5  per 
cent.  A  perfect  furnace  would,  of  course,  obtain  the  same  efficiency  from 
all  coals. 

Influence  of  Sulphur. — Sulphur  is  considered  an  undesirable  element 
in  coal.  It  usually  gives  trouble  from  clinker  and  is  sometimes  destruc- 
tive to  the  grate  bars.  Its  effect  depends  upon  the  form  in  which  it 
occurs  in  the  coal;  on  the  percentage  of  ash  in  the  coal.  Coals  having 
sulphur  varying  from  %  per  cent  to  6  per  cent  or  more  are  successfully 
burned  under  boilers,  and,  in  many  cases,  no  difficulty  is  experienced. 

PURCHASE    OF    COAL    FOR    GOVERNMENT. 

The  United  States  government  is  a  large  user  of  coal.  Its  fuel  bill 
will  amount  to  nearly  ten  million  dollars.  Much  of  the  coal  purchased 
is  tested  and  analyzed.  One  single  contract  for  this  year  was  400,000 
tons  of  coal  to  contain  14,600  B.  t.  u.  per  pound. 

In  order  to  compare  the  cost  of  coals  used  by  the  government  in  the 
larger  cities  of  the  country,  it  has  been  customary  to  calculate  the  cost 
on  the  basis  of  the  number  of  cents  per  1,000,000  B.  t.  u.  It  is  inter- 
esting to  note  that  for  last  year's  contracts  the  cheapest  coal  was  deliv- 
ered in  Louisville  costing  only  7.1  cents  per  million  B.  t.  u.  The  cost 
in  Boston  for  similar  coal  was  16.3  cents  and  in  St.  Paul  the  price  was 
17.1  cents.  Anthracite  coal  was  delivered  in  eastern  cities  at  prices 
ranging  from  8%  cents  per  million  B.  t.  u.  for  Buckwheat  coal  to  14 
cents  for  Pea  coal  and  as  much  as  20  cents  in  some  cases  for  Egg  and 
broken  coal. 

Specifications. — Having  decided  upon  a  kind  of  coal  to  be  used  for  a 
plant,  the  purchaser  naturally  desires  to  have  some  assurance  that  he 
may  be  able  to  secure  the  coal  in  question,  or  one  of  practically  the  same 
composition,  for  a  given  period.  This  has  led  to  the  use  of  specifications 
for  the  purchase  of  coal.  If  the  size  of  the  contract  and  other  conditions 
warrant  the  use  of  a  specification,  then  the  proposal  for  coal  to  be  of 
value  should  contain  at  least  two  general  statements  regarding  the  kind 
and  character  of  coal. 

Proposals  for  Coal. — The  bidder  should  state  in  his  proposal : 

1.  The  commercial  name  and  size  of  the  coal  to  be  furnished.  The 
size  should  be  specified  within  certain  limits  in  order  to  avoid  disputes 
coal  is  delivered. 
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2.    The  character  of  the  coal  to  be  furnished,  in  the  following  form : 


PROXIMATE  ANALYSIS. 


As  received. 

Dry  coal. 

Free  from 
moisture 
and  ash. 

Volatile  matter 

Fixed  carbon 

\sh 

Sulphur  separately  determined 

B .  T .  U .  in  coal  as  received  (not  dry) . 


-per  cent . 


The  price  per  ton  should  be  stated  for  coal  of  the  specified  quality. 
The  price  to  be  paid  on  coal  delivered  should  vary  directly  with  the 
B.  t.  u.  in  the  coal  "as  received";  this  value  to  be  modified  further,  if 
advisable,  by  corrections : 

1.  For  more  or  less  ash  in  the  dry  coal. 

2.  For  more  or  less  volatile  matter  in  the  '•'combustible/7  allowing  in 
all  cases  2  per  cent  or  3  per  cent  variation  without  premium  or  penalty. 
A  limiting  value  may  be  placed  on  the  percentage  of  sulphur  in  the  coal 
which  will  be  accepted.    Corrections  for  ash  and  volatile  matter  are  best 
expressed  in  the  form  of  a  table.     In  making  corrections  for  variations 
in  the  qualif-  of  the  coal  delivered,  it  may,  in  some  cases,  be  more  conve- 
nient to  make  all  changes  in  the  price  on  the  basis  of  change  of  the 
B.  t.  u. 

The  Reasons  for  Basing  Contract  on  Itetns  Mentioned  Above  Are  as 
Follows. — 1.  "B.  t.  u.  in  coal  as  received"  corrects  for  changes  in  heat- 
ing value  due  to  changes  in  both  ash  and  moisture. 

The  B.  t.  u.  in  the  coal  as  delivered  beinsr  the  most  direct  measure  of 
its  value  to  the  consumer,  it  is  reasonable  that  the  contract  should  be 
based  principally  upon  this  value.  This  value  jiiay  be  determined  and 
reported  directly  by  the  chemist.  This  results  in  a  premium  for  better 
coal  and  a  penalty  for  coal  not  up  to  the  standard. 

As  has  been  shown  above,  so  far  as  is  now  known  the  presence  of 
small  amounts  of  moisture  in  the  coal  has  but  little  effect  on  the  effi- 
ciency of  the  boiler,  and,  as  coals  from  the  same  mine  or  group  of  mines 
do  not  usually  vary  more  than  3  per  cent  or  4  per  cent  in  moisture,  it 
hardly  seems  worth  while  to  correct  for  the  small  amount  of  heat  lost 
in  evaporating  it.  By  basing  the  value  of  coal  on  the  B.  t.  u.  as  received 
(moist),  the  variation  in  heating  value  as  otherwise  affected  by  the 
moisture  are  provided  for. 

•?.  "Ash  in  the  dry  coal"  is  independent  of  changes  in  moisture  in 
the  coal,  this  figure  always  being  the  same  no  matter  what  the  moisture 
content  may  be.  Coal  delivered  from  the  same  mines  may  vary  con- 
siderable in  the  percentage  of  ash.  A  reasonable  allowance,  such  as  1 
per  cent  or  2  per  cent  from  the  average,  would  seem  to  be  desirable,  as 
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such  a  variation  is  almost  unavoidable  in  commercial  products.  Inasmuch 
as  the  heating  value  is  taken  care  of  by  the  B.  t.  u.  determinations,  the 
only  remaining  correction  to  be  made  for  the  ash  is  the  extra  trouble 
in  handling  the  coal  and  ashes  and  the  possible  reduction  of  the  capacity 
of  the  equipment.  When  the  ash  greatly  exceeds  the  amount  for  which 
the  furnace  was  designed  the  reduction  in  capacity  may  become  a  serious 
matter  and  would  justify  a  rapidly  increasing  penalty.  For  the  first  3 
per  cent  or  4  per  cent  increase  or  decrease  in  the  ash  it  is  only  necessary 
to  provide  for  the  difference  in  the  cost  of  handling,  which  is  between 
i/o  cent  and  1  cent  per  ton  for  each  1  per  cent  of  ash  in  the  coal.  If  cor- 
rections other  than  for  B.  t.  u.  are  to  be  made,  and  the  ash  is  a  factor, 
the  specifications  should  be  based  upon  the  percentage  of  ash  in  the  dry 
coal  for  reasons  which  are  explained  elsewhere. 

3.  If  volatile  matter  is  to  be  corrected  for,  then  "volatile  matter  in 
'combustible'"  is  preferable  to  "volatile  matter  in  coal."     It  should  be 
the  same,  or  nearly  the  same,  regardless  of  variations  in  moisture  and  ash 
in  the  coal,  and  it  is  more  properly  a  measure  of  the  difficulty  to  be  expe- 
rienced in  burning  coal,  as  it  is  the  direct  ratio  of  the  volatile  matter 
to  that  part  of  the  coal  which  is  actually  burned.     It  is  reasonable  to 
have  a  penalty  for  great  variations  in  the  volatile  matter  from  the  stand- 
ard specified,  for  the  reason  that  furnaces  are  not  all  equally  well  designed 
to  burn  coals  high  in  volatile  matter.     This  should  not  in  any  way  affect 
the  dealer  or  operator,  provided  the  coal  is  furnished  from  the  same 
mine,  as  the  volatile  matter  should  remain  practically  constant  and  a 
reasonable  limit  should  be  established  within  which  no  change  in  tho 
price  would  be  made.     This  variation  could  well  be  3  per  cent  either 
way  from  the  standard  established.    The  value  for  volatile  matter  should 
be  based  on  volatile  matter  in  the  "'combustible"  (coal  free  from  moisture 
and  ash),  a s*  this  value  remains  nearly  constant  in  the  same  coal.     Pre- 
miums or  penalties  for  lower  or  higher  volatile  matter  may  properly  vary 
according  to  local  conditions. 

4.  Sulphur.     Sufficient  information  is  not  available  on  which  to  base 
a  reasonable  rate  for  correction  for  this  element. 
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REMARKS  ox  MIXE  RESCUE  WORK. 

(By  Dr.  J.  A.  Holmes,  Chief  of  the  Technologic  Branch  U.S.  Geological  Survey.) 


There  are  three  matters  about  which  I  wish  to  caution  the  members  of 
the  Conference  and  wish  them  in  turn  to  caution  others.  The  rescue 
movement  must  overcome  great  and  varied  difficulties.  Its  field  is  very 
broad  and  its  accomplishments  should  therefore  be  correspondingly  very 
large.  With  work  of  this  extent  results  can  not  be  accomplished  in  a 
i lav  or  a  night.  You.,  gentlemen  of  the  Conference.,  must  therefore,,  first, 
not  get  out  of' patience  if  you  do  not  see  immediate  and  direct  practical 
improvements.  Second,  you  must  keep  patience  with  the  work  of  the 
oxygen  helmets.  If  some  difficulties  are  encountered  in  their  operation 
and  if  defects  in  them  develop,  do  not  too  hastily  condemn  them.  They 
have  done  good  work  and  will  do  better  work.  Like  other  comparatively 
new  inventions  they  need  to  be  perfected.  Remember.,  too,  that  the  man 
must  be  educated  to  their  use  and  that  greater  familiarity  with  them  will 
remove  many  of  their  apparent  deficiencies.  Third,  do  not  get  impatient 
with  the  K-seuc  work  if  disasters  still  occur.  In  the  face  of  the  extensive 
work  of  this  kind  carried  on  in  some  of  the  foreign  countries  there  have 
heeri  appalling  disasters,  but  continued  patience  because  the  cause  of 
these  accidents  were  traceable  to  carelessness  or  to  failure  to  comply  with 
the  law.  The  general  ratio  of  men  engaged  to  men  injured  has  been 
very  greatly  decreased  as  the  results  of  the  work  done  abroad. 

In  explanation  of  the  terrible  disaster  that  occurred  in  France  I-  had 
the  pleasure  of  inspecting  this  mine  very  thoroughly  about  six  weeks 
prior  to  the  disaster  and  the  mine  was  being  managed  in  a  thoroughly 
approved  manner.  The  cause  of  this  accident  is  still  in  doubt.  The  two 
recent  and  very  serious  disasters  in  Germany  occurred  on  Monday  after 
the  mine  had  been  shut  down  all  day  Sunday  and  Sunday  night  when  no 
sprinkling  had  been  done  and  the  dust  was  fairly  well  dried  out.  This 
was  probably  the  cause  of  the  trouble.  One  of  these  accidents  occurred 
after  a  long  drought  when  it  is  claimed  the  water  supply  of  the  mine 
had  long  been  exhausted,  although  it  is  claimed  by  the  operators  of  the 
mine  that  there  was  ample  supply  for  all  purp<  - 

The  effect  of  this  careful  work  is  shown  in  the  decreased  number  of 
injuries  per  man  employed,  and  in  this  great  work  little  Belgium  has 
the  best  record  in  the  face  of  having  the  most  dangerous  conditions  under 
which  to  operate  of  any  country  in  the  world.  I  had  the  privilege  of 
inspecting  Belgium's  most  dangerous  mine  and  am  pleased  to  say  that 
even  though  this  mine  is  probably  the  most  dangerous  mine  in  the  world 
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there  has  been  no  accident  in  it  for  seventeen  years  except  one  which  was 
due  to  carelessness  or  infraction  of  the  rules  of  the  mine.  A  miner,  in 
attempting  a  joke  on  some  of  his  fellow-workers,,  attempted  to  stop  a 
lift  by  inserting  an  iron  crowbar  in  its  mechanism.  This  caused  the 
fatal  spark. 

In  the  United  States  we  must  do  the  best  we  can  with  the  means  at 
hand  to  overcome  the  difficulties  that  have  been  outlined  during  this 
conference  and  which  we  have  to  face.  By  patience  and  continued  untir- 
ing effort  we  may  yet  make  mine  disasters  impossible  by  removing  the 
cause.  The  output  of  the  coal  mining  industry  of  the  United  States  is 
more  valuable  than  the  products  of  the  mines  for  precious  metals. 
Schools  of  mines  have  been  established  by  a  number  of  the  technical 
colleges  of  the  country,  but  most  of  their  attention  is  given  to  the  min- 
ing of  metals  and  very  little  thought  or  effort  has  been  expended  toward 
education  as  to  the  economic  methods  of  recovering  coal.  It  seems  to 
me  that  this  oversight  or  indifference  to  the  production  of  coal  should  be 
remedied,  especially  in  such  states  as  Illinois  which  rank  among  the  first 
in  the  output  of  coal.  I  would  be  glad,  indeed,  if  the  State  of  Illinois 
and  other  coal-bearing  states  would  establish  departments  of  mines  in 
their  universities,  giving  especial  attention  to  the  mining  of  coal.  It 
seems  to  me  that  this  Conference  should  not  permit  the  present  session 
of  the  Legislature  to  be  adjourned  without  putting  before  it  the  request 
of  the  coal  and  commercial  interests  which  are  allied,  for  the  establish- 
ment at  the  University  of  Illinois  of  a  department  of  mines.  In  conclu- 
sion I  would  like  some  one  to  start  such  a  movement  by  appointing  a 
committee  to  present  the  matter  to  the  Legislature. 
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EEMARKS  ox  ECONOMY  IN  THE  USE  OF  FUEL. 

(By  Mr.  E.  H.  Taylor,  Fuel  Engineer,  Chicago,  111.) 


There  are  wastes  of  coal  in  many  large  establishments,  but  in  many 
other  such  plants,  means  have  been  taken  to  economically  consume  fuel. 
These  improved  methods  have  been  brought  about  in  Chicago  very  largely 
by  education  and  have  been  influenced  greatly  by  the  work  of  the  Engin- 
eering Experiment  Station  of  the  University  of  Illinois  and  by  the  stu- 
dents of  Illinois  employed  in  Chicago.  These  savings  and  improvements 
have  in  many  cases  been  brought  about  by  no  change  in  the  plant.  While 
it  is  true  that  much  saving  has  been  effected,,  I  would  like  to  see  it  in- 
creased, and  especially  in  small  plants;  the  home  in  particular.  In  my 
own  home,  by  studying  the  conditions  of  the  furnace  I  have  been  able  to 
save  on  this  year's  fuel  about  $30.00  or  25  per  cent  of  my  coal  bill. 
Education  of  the  people  in  the  matter  of  burning  coal  would  undoubtedly 
save  more  than  at  first  would  be  realized;  and  I  am  sure  that  if  the 
interest  of  the  public  is  enlisted  on  the  side  of  the  rescue  movement,  and 
on  the  side  of  education  with  regard  to  fuel,  there  is  no  other  project 
which  will  become  so  quickly  popular  with  the  mass  of  the  people. 
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FUEL  TESTS  WITH  HOUSE-HEATIXG  BOILECS  AND  HOT- AIR  FTJRXACES. 

(By  J.  M.  Snodgrass,  Engineering  Experiment  Station,  University  of  Illinois.) 


The  equipment  with  which  the  Engineering  Experiment  Station  is  at 
the  present  time  making  house-heating  fuel  tests  consist  of  two  house- 
heating  steam  boilers  and  one  hot-air  furnace.  One  of  the  steam  boilers 
is  built  up  of  horizontal  sections,  the  heated  gases  passing  upward  from 
the  fire  through  the  sections  to  the  smoke  pipe.  The  other  steam  boiler 
is  made  up  of  vertical  sections,  the  heated  gases  leaving  the  fire-box  at 
the  rear,  traveling  to  the  front  of  the  boiler  and  returning  to  the  smoke 
outlet  at  the  rear  through  suitably  arranged  flues.  The  hot-air  furnace 
is  of  cast-iron  construction,  surrounded  in  the  usual  manner  with  a 
galvanized  iron  casing.  Each  of  the  steam  boilers  is  provided  with  suit- 
able apparatus  for  weighing  and  supplying  feed  water  and  with  such 
other  apparatus  as  is  required  for  test  purposes.  The  hot-air  furnace 
is  supplied  with  an  air-measuring  device  consisting  of  a  fan-blower  and 
gauging-box  for  the  purpose  of  measuring  the  amount  of  air  heated  by 
the  furnace.  Thermometers,  draft  gauges  and  other  testing  apparatus 
make  up  the  equipment. 

The  purpose  of  the  tests  has  been  twofold :  First,  to  obtain  informa- 
tion as  to  the  relative  value  of  the  various  fuels  commonly  used  in  house- 
heating  work  in  the  State  of  Illinois,  special  attention  being  paid  to 
Illinois  coal  in  the  effort  to  promote  a  more  general  use  of  that  fuel  and 
to  make  the  conditions  under  which  it  is  burned  more  satisfactory; 
secondly,  to  obtain  information  that  would  assist  in  developing  satisfac- 
tory methods  for  testing  house-heating  boilers.  Up  to  the  present  time 
about  120  tests  have  been  conducted  upon  anthracite.  Pocaliontas  and 
coke.  The  others  have  been  made  with  Illinois  coal.  The  following 
fuels  have  been  burned  in  making  tests : 

1.  Anthracite,  Wyoming  District,  Pennsylvania. 

2.  Pocahontas  coal,  West  Virginia. 

3.  Solvay  coke,   from  Chicago  market. 

4.  Gas  house  coke,  from  local  gas  works. 

5.  Illinois  coal,  Williamson  county    (several  samples). 

6.  Illinois  coal,  Saline  county. 

7.  Illinois  coal,  Christian  county. 

8.  Illinois  coal,  Macon   county. 

9.  Illinois  coal,   Vermilion   county. 

10.  Illinois  coal,  Grundy  county. 

11.  Illinois  coal,  LaSalle  county. 

12.  Illinois  coal,  Tazewell  county. 

For  a  large  number  of  the  tests  already  made  with  the  steam  boilers 
the  methods  employed  have  been  in  the  main  similar  to  those  employe;! 
when  making  tests  upon  power  boilers.  Comparatively  large  amounts  of 
fuel  have,  however,  been  fired  at  one  time  so  that  the  interval  of  time 
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between  one  firing  and  the  next  lias  lasted  several  hours,,  varying  roughly 
from  two  to  ten  hours,,  depending  upon  the  fuel,,  load  carried  and  other 
conditions.  The  A.  S.  M.  E.  code  for  conducting  boiler  trials  has  been 
employed  as  a  general  guide.  This  method  of  procedure  has  tended 
toward  laying  the  greatest  stress  upon  evaporative  performance  rather 
than  upon  questions  relating  to  cleanliness,  control  or  attendance. 

A  series  of  forty-eight  tests  was  run  upon  representative  fuels  with 
the  two  steam  boilers  all  at  a  load  of  approximately  65  per  cent  of  their 
rated  capacity.  Under  these  conditions  the  plant  efficiencies  varied  from 
about  45  per  cent  to  65  per  cent;  that  is  over  a  range  about  the  same 
or  possibly  somewhat  lower  than  that  found  in  power  boiler  work.  The 
variation  in  efficiency  was  for  the  most  part  due  to  the  composition  of 
the  fuel,  that  is.  the  fuels  high  in  fixed  carbon  content  as  the  anthracite 
and  coke  gave  high  efficiencies,  and  the  fuels  high  in  volatile  content  and 
ash.  as  the  Illinois  coal,  gave  low  efficiencies. 

The  forty-eight  tests  just  mentioned  have  led  to  some  general  conclu- 
Mnn.s.  which  may  be  stated  as  follows: 

In  considering  house-heating  boiler  tests  a  number  of  important  con- 
sideration-, such  as  efficiency,  fuel  cost,  attendance,  control,  cleanliness 
and  equipment,  must  be  taken  into  account.  The  relative  importance 
of  such  factors  can  not  be  stated  definitely,  and  vary  greatly  with  the 
nature  of  the  service  required  of  any  given  installation. 

Efficiency  and  fuel  cost  may  become  the  items  of  greatest  importance 
when  heating  work  is  upon  a  comparatively  large  scale  approaching 
power-boiler  conditions. 

Simplicity  and  the  ease  with  which  the  heating  apparatus  can  be 
cared  for  may  be  of  greater  importance  than  high  evaporative  efficiency. 
The  condition  which  requires  the  minimum  amount  of  attendance  may 
be  the  most  satisfactory  and  economical  and  more  than  offset  the  con- 
sumption of  some  extra  fuel. 

The  ability  to  get  up  steam  quickly,  and  to  maintain  uniform  pressure 
and  fire  conditions  over  comparatively  long  periods  of  time,  may  be  of 
greater  importance  than  questions  relating  to  either  fuel  or  equipment. 

The  desire  or  necessity  for  cleanliness,  with  respect  to  smoke,  soot  and 
dust  or  dirt,  may  warrant  the  use  of  high-priced  fuel. 

The  efficiencies  for  the  tests  under  consideration  varied  from  about  45 
per  cent  to  65  per  cent.  A  still  wider  range  will  exist  under  the  variable 
capacity  conditions  common  to  average  residence  heating  work. 

Present  methods  of  burning  and  present  types  of  boilers  are  particu- 
larly well  adapted  to  burning  anthracite  and  other  coals  high  in  fixed 
carbon  content.  Coke  burning  presents  special  problems  as  to  methods 
of  burning  and  construction  of  equipment. 

The  low  efficiencies  with  the  fuels  of  high  volatile  content  and  the 
variations  in  efficiencies  indicated  the  possibility  of  obtaining  higher 
efficiencies  with  the  cheaper  fuels  by  means  of  careful  attention  to  details 
relating  to  fuel,  operation  and  equipment. 

Illinois  coal  may  be  obtained  at  from  one-fourth  to  one-half  of  the 
cost  of  anthracite  per  ton.  Eoughly,  the  cost  per  British  thermal  unit 
is  in  the  same  proportion.  Illinois  coal  is  also  considerably  cheaper  than 
Pocahontas  coal  or  coke,  expressed  as  cost  per  ton  or  per  B.  t.  u. 
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Fixed  carbon  can  be  purchased  much  more  cheaply  in  the  form  of 
coke  than  as  anthracite.  Fixed  carbon  can  be  obtained  at  as  low  or  at 
a  lower  price  in  the  form  of  coke  than  in  Pocahontas  or  Illinois  coal. 

With  Illinois  coal  as  fuel,  water  can  be  evaporated  in  house-heating 
boilers  at  about  50  per  cent  of  the  fuel  cost  of  anthracite  and  at  about  75 
per  cent  of  the  fuel  cost  of  Pocahontas  coal  or  coke. 

The  relatively  low  cost  of  Illinois  coal,  especially  as  compared  with 
the  eastern  coals,  will  insure  its  continued  use  for  domestic  purposes. 
The  amount  of  this  fuel  used  for  such  purposes  will  increase  in  spite  of 
the  disadvantages  connected  with  its  burning.  This  condition  empha- 
sizes the  necessity  for^  improvement  in  the  methods  of  burning  the 
cheaper  fuel. 

The  low  fuel  cost  for  Illinois  coal  as  compared  with  coke  is  consider- 
able and  will  insure  the  continued  use  of  raw  coal  until  prices  of  the  two 
fuels  are  more  nearly  equal.  Improvement  in  the  methods  of  burning 
and  equipment  are  needed  for  each  of  these  fuels  and  such  improvements 
will  doubtless  affect  the  relative  quantity  of  each  which  is  used. 

Based  upon  present  prices  and  considering  evaporative  performance 
only,  anthracite,  as  compared  to  Illinois  coal,  is  only  worth  from  $3.00 
to  $4.00  per  ton.  The  additional  amount  which  is  paid  for  it  must  be 
considered  as  expended  for  advantages  possessed  by  the  anthracite,  such 
as  cleanliness  and  ease  of  fire  control,  which  are  not  possessed  by  the 
other  fuel.  Anthracite  and  coke  possess  marked  advantages  over  the 
other  fuels,  especially  over  the  Illinois  coal,  with  respect  to  cleanliness. 
The  practice  of  washing  and  sizing  Illinois  coal  eliminates  to  a  very 
considerable  extent  the  objectionable  features  with  regard  to  smoke,  soot, 
dust,  dirt  and  ash. 

A  report  concerning  the  forty-eight  tests  which  have  just  been  con- 
sidered is  at  present  in  the  hands  of  the  printer,  and  it  is  hoped  will 
shortly  be  issued  as  an  Engineering  Experiment  Station  bulletin. 

In  addition  to  the  tests  above  mentioned  a  further  series  of  efficiency 
tests  upon  Illinois  coal  is  in  progress,  also  a  series  of  tests  when  operating 
at  capacities  ranging  from  about  10  per  cent  to  100  per  cent  of  the  rated 
capacity  of  the  boilers  and  a  series  of  service  tests  in  which  conditions 
are  comparable  with  those  found  in  small  residence  heating  work.  It  is 
hoped  to  use  some  of  the  data  thus  obtained  or  to  run  additional  tests 
that  will  assist  in  developing  a  method  of  rating  house-heating  apparatus. 

In  all  tests  now  in  progress  the  hot-air  furnace  is  being  tested  as  well 
as  the  steam-heating  boilers.  For  a  number  of  tests  already  completed 
with  the  hot-air  furnace  efficiencies,  in  the  neighborhood  of  45  per  cent 
have  been  obtained.  In  tests  where  capacities  have  been  varied  for  a 
given  fuel  over  a  range  of  from  about  10  per  cent  to  90  per  cent,  the 
range  in  efficiency  has  been  from  about  30  per  cent  to  60  per  cent. 

While  not  overlooking  the  importance  of  evaporative  performance,  it 
is  expected  that  in  future  work  and  in  the  tests  now  under  way  much 
more  attention  can  be  given  to  questions  relating  to  cleanliness,  control, 
attendance  and  other  important  considerations. 
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THE  U.  S.  GEOLOGICAL  SURVEY  AND  THE  FUEL  EESOURCES  OF  THE 

COUNTRY. 

(By  George  Otis  Smith,  Director,  Washington,  D.  C.) 

By  law,  the  federal  Geological  Survey  is  charged  with  the  classification 
of  the  public  lands  and  the  examination  of  the  geologic  structure,  min- 
eral resources  and  products  of  the  national  domain.  Thirty  years  ago, 
Congress  thus  denned  the  scope  of  this  branch  of  the  public  service,  recog- 
nizing by  the  wording  of  the  statute  the  practical  relationship  between 
geology  and  the  mineral  industry.  Today  the  Geological  Survey  is 
making  contributions  to  the  nation's  knowledge  of  its  mineral  fuel  re- 
sources along  four  lines:  Land  classification,  mining  geology,  mining 
technology  and  mineral  statistics. 

In  one  line,  that  of  classifying  the  mineral  lands,  whose  title  remains 
in  the  national  government,  the  federal  bureau  has  an  undivided  juris- 
diction: in  the  other  phases  of  the  investigation  of  mineral  fuels,  we 
share  the  field  in  common  with  the  State  Surveys  and  the  great  research 
schools.  This  Conference  is  especially  significant  in  that  it  has  been 
inspired  by  the  spirit  of  cooperation.  It  therefore  well  expresses  the 
extent  to  which  these  three  agencies  are  working  together  in  the  service 
of  the  mining  industry  and  indeed  for  the  benefit  of  the  whole  indus- 
trial life  of  the  nation. 

In  1870  Congress  expressed  its  appreciation  of  the  importance  of  the 
nation's  mineral  wealth  by  establishing  this  scientific  bureau  charged 
with  the  investigation  of  these  mineral  resources.  Xow,  three  decades 
later,  the  mining  industry  is  making  an  annual  contribution  to  the 
nation  six-fold  greater  than  it  was  then.  I  shall  refer  later  to  some 
phases  of  this  phenomenal  thirty  years  development,  but  first  a  few 
words  as  to  the  part  the  V.  S.  Geological  Survey  has  had  in  recording  and 
promoting-  that  development,  that  you  may  judge  whether  this  bureau  is, 
like  your  Stat:<  Survey  and  University,  in  any  sense  keeping  pace  with 
the  marvelous  expansion  in  the  production  of  mineral  fuels  and  notable 
proo-resi  in  their  economical  utilization. 

In  the  first  few  years  of  its  history,  the  Survey  has  an  annual  appro- 
priation of  .between  one  and  two  hundred  thousand  dollars,  very  small 
portions  of  which  appropriations  were  devoted  to  the  subject  of  the 
nation's  fuel  resources.  This  year  out  of  an  appropriation  of  a  million 
and  a  half,  more  than  one-third  or  at  least  $010.000.00  has  been  expended 
in  explorations  and  investigations  relating  solely  to  the  mineral  fuels. 
This  work  is  both  geologic  and  technologic. 


366  YEAR-BOOK   FOR    1908.  [BULL.  NO.  14 

Of  the  technologic  investigations  I  need  say  little,  as  you  have  bee  a 
able  to  learn  their  nature  and  to  judge  their  value  at  first  hand  from 
Dr.  Holmes,  the  Chief  of  the  Technologic  Brand),  and  his  associates, 
Messrs.  Rice,  Randall  and  Williams.  I  would  not  care,  however,  to 
allow  this  opportunity  to  pass  without  mention  of  the  spirit  of  enthusi- 
astic endeavor  that  has  characterized  those  who  have  been  engaged  in 
these  past  few  years  in  beginning  this  new  line  of  federal  work. 

As  I  stated  a  moment  ago,  these  technologic  problems  have  been  and 
are  shared  with  other  organizations,  whose  members  are  equally  enthusi- 
astic and  no  less  well  qualified  to  master  the  problems.  Yet  from  my 
observations  I  am  convinced  that  the  entrance  of  a  federal  bureau  into 
the  technologic  field  has  given  an  impetus  to  the  movement  to  secure 
less  wasteful  practices  at  both  mine  and  power  pJant  that  no  other  single 
agency  could  have  contributed.  In  making  this  statement  I  am  not 
unmindful  of  the  invaluable  assistance  received  from  Prof.  Brecken- 
ridge,  Goss  and  Lord  and  several  others  connected  with  colleges  or  univer- 
sities, for  it  is  such  cooperation  that  has  made  possible  whatever  success 
has  already  been  attained. 

In  view  of  the  increasing  dependence  of  our  industrial  nation  upon 
its  mineral  fuels,  I  am  inclined  to  take  a  high  value  upon  the  technologic 
cotributors  of  the  U.  S.  Geological  Survey.  As  you  know,  attention  has 
been  given  not  only  to  the  waste  in  mining  but  more  especially  to  the  much 
greater  loss  in  utilization,  and  now  to  this  experimental  work  has  been . 
added  the  beginning  of  an  adequate  investigation  of  mine  accidents,  a  line 
of  practical  research  that  is  expected  to  decrease  in  some  degree  the  pres- 
ent excessive  loss  of  life  in  the  mines.  It  promises  well  for  the  success  of 
the  mine  accident  and  mine  rescue  work  of  the  Survey — work  barely  be- 
gun— that  so  large  a  part  of  this  Conference  has  been  devoted  to  this 
humanitarian  phase  of  our  investigations. 

In  the  geologic  branch  of  the  Survey  the  federal  geologists  are  engaged 
in  mapping  and  measuring  the  nation's  stores  of  coal,  oil  and  gas,  and 
exploring  the  public  lands  with  the  purpose  of  adding  to  the  visible  and 
known  supply  of  these  mineral  fuels.  Since  the  organization  of  the 
Survey,  its  statisticians  have  been  recording  the  ever-increasing  activity 
of  the  country's  coal  mines  and  oil  and  gas  wells,  with  the  result  that 
last  fall  we  were  able  to  present  to  those  interested  in  national  conserva- 
tion a  fairly  accurate  inventory,  from  which  I  shall  later  select  some  of 
the  quantative  data  for  graphic  repetition. 

The  land  classification  work  of  the  Geological  Survey  is  its  latest 
development,  although  the  classification  of  the  public  lands  was  a  func- 
tion and  dutv  specifically  laid  upon  the  bureau  at  the  time  of  its  estab- 
lishment. For  three  years  now  an  increasing  amount  of  attention  has 
been  given  to  special  surveys  of  the  coal  lands  belonging  to  the  govern- 
ment. The  lands  underlaid  by  valuable  deposits  of  coal  have  been  segre- 
gated from  the  noncoal  lands — the  latter  restored  to  agricultural  industry 
and  the  former  protected  from  any  entry  other  than  under  the  coal  land 
laws.  In  this  movement  to  secure  the  proper  utilization  of  the  remaining 
public  lands  and  their  sale  at  prices  somewhat  proportionate  to  their 
value,  the  function  of  the  Geological  Survey  is  not  only  to  determine  and 
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report  to  the  General  Land  Office  the  coal  or  noncoal  character  of  the 
land,  but  also  to  place  upon  each  legal  subdivision — or  forty  acres — of 
the  coal  land  a  selling  price.  In  this  valuation  work,  the  accessibility  of 
the  coal  field,  the  number,  thickness  and  depth  of  the  coal  beds,  and  the 
quality  <;f  the  coal  are  all  factors  considered  in  the  determination  of  the 
coal  value-. 

This  classification  of  the  public  lands  in  the  past  three  years  ha* 
resulted  in  the  Held  examination  of  about  35,000,000  acres — an  area 
nearly  equalling  that  of  the  whole  State  of  Illinois. 

This  recent  departure  in  Survey  explorations  is  a  noteworthy  example 
of  geology  applied  to  the  public  good.  Yet,  incidental  to  this  purely 
.tomic  work,  important  scientific  results  have  been  secured  relating 
to  the  stratigraphy  of  the  Rocky  Mountain  province.  Systematic  sur- 
veys of  the  oil  fields  are  likewise  yielding  data,  both  economic  and  scien- 
tific, of  equal  importance:  but  with  so  great  activity  in  the  coal  fields, 
the  federal  Survey  has  been  unable  to  keep  abreast  of  the  oil  and  gas 
developments  in  the  different  fields. 

The  field  and  laboratory  work  of  the  Survey,  the  explorations  and 
investigations,  realize  their  full  purpose  onlv  as  the  results  are  published. 
Publicity  through  the  preparation,  publication  and  distribution  of 
reports  is  the  measure  of  success  and  the  Survey's  contribution  to  the 
knowledge  of  the  fuel  resources  of  the  country  is  indicated  by  the  annual 
issue  of  not  less  than  ten  geologic  reports  on  the  subject  and  a  total  of 
fourteen  technologic  bulletins  since  1904,  when  the  fuel-testing  work 
was  started  at  St.  Louis.  A  gratifying  feature  of  the  publication  side 
of  the  work  is  that  a  considerable  proportion  of  these  publications  are 
already  out  of  print,  a  fair  index  of  public  interest  in  the  subject. 

Returning  now  to  the  subject  of  our  fuel  resources,  it  may  be  well  to 
consider  the  state  of  our  present  knowledge  as  to  the  extent  and  distribu- 
tion of  these  supplies  and  of  the  tendencies  of  today  in  the  production 
and  consumption  of  the  mineral  fuels. 

In  1901  the  U.  S.  Geological  Survey  made  it*?  first  attempt  to  compile 
an  inventory  of  the  nation's  coal  reserves.  At  that  time  the  data  scattered 
through  technical  journals  and  official  reports  were  collected  and  a  sum- 
man-  prepared  of  all  available  information.  Dr.  Hayes  presented  in  a 
table  the  distribution  of  the  coal  fields  and  estimates  of  their  extent.  A 
comparison  of  this  table  of  1901  with  the  statement  of  Mr.  Campbell  of 
May,  1908.  furnishes  some  idea  of  the  amount  of  the  Survey's  work  on 
coal  in  the  intervening  seven  years.  The  earlier  inventory  gave  the  area  A 
coal  bearing  formations  in  the  United  States  as  280,000  square  miles,  r,f 
which  only  certain  percentages,  35  to  75  per  cent,  were  believed  to  be 
workable.  The  later  figures  are  for  workable  coal  fields  with  an  esti- 
mated area  of  327,000  square  miles  with  nearly  one-half  as  much  more 
of  possibly  workable  coal  and  coals  under  heavy  cover.  The  more  notable 
differences  between  the  two  tables  are  in  the  Rocky  Mountain  states, 
where  the  Survey  has  been  engaged  in  land  classification,  where  the  later 
figures  double  or  treble  those  of  the  earlier  inventory.  Again,  in  the 
earlier  summary,  no  attempt  was  made  to  estimate  tonnage,  inasmuch 
as  at  that  time  data  relating  to  number  and  thickness  of  workable  beds 
were  not  available  for  large  areas  of  the  country :  but  in  the  1908  state- 
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ment  Mr.  Campbell  estimates  not  only  the  available  tonnage,  but  classi- 
fies the  coal  reserves  by  provinces,  accessibility  and  grade  of  coal.  This 
estimate  has  been  criticized  as  too  large  for  Pennsylvania,  West  Virginia 
and  Ohio,  but  it  may  be  stated  as  probable  that  any  overestimate  in  the 
eastern  fields  will  be  offset  by  underestimates  in  the  Rocky  Mountain 
fields. 

Turning  now  to  production  statistics,  which,  in  the  case  of  coal,  oil 
and  gas,  form  the  best  possible  test  of  industrial  progress,  a  few  notable 
changes  since  1880  should  be  mentioned. 

In  a  list  showing  the  present  relative  importance  of  the  ten  leading 
mineral  products,  the  mineral  fuels  coal,  oil  and  gas  will  be  seen  to  rank 
first,  'fifth  and  ninth.  Were  we  to  compare  this  with  the  sequence  of 
1880,  you  would  find  that  notwithstanding  the  sixfold  increase  in  total 
value  of  mineral  products,  coal  and  petroleum  have  both  maintained  their 
positions,  while  natural  gas  is  a  new  comer  in  the  list. 

With  this  increased  prominence  of  the  mineral  fuels,  it  has  naturally 
followed  in  these  thirty  years  that  the  nonmetallic  products  have  out- 
shipped  the  metallic  output,  changing  from  47  per  cent  to  57  per  cent 
of  the  total.  In  the  popular  mind,  too  little  credit  is  given  to  these  most 
useful  nonmetallic  products  and  too  much  to  the  precious  metals. 

Petroleum  and  natural  gas  must  be  considered  together  with  regard 
to  their  distribution.  These  areas  are  scattered  over  twenty-two  states 
and  aggregate  nearly  9,000  square  miles  in  six  great  fields.  Eighteen 
states  produced  petroleum  last  year,  and  nineteen  states  natural  gas. 

The  production  statistics  for  petroleum  for  the  past  three  decades  are 
striking  and  show  an  eightfold  increase,  which  fact,  as  you  will  remem- 
ber, has  enabled  this  product  to  keep  its  place  in  the  column  of  minerals 
notwithstanding  the  great  advances.  It  will  be  noted  also  that  the  center 
of  petroleum  production  has  shown  a  westward  trend.  In  1900  the  pri- 
macy in  petroleum  production  passed  from  Ohio  to  California  and  later 
back  to  Oklahoma. 

When  I  come  to  speak  more  particularly  of  coal,  I  realize  that  I  am 
in  Illinois,  a  State  standing  near  the  front  in  both  oil  and  coal  produc- 
tion. I  am  not  unmindful  that  as  early  as  1679  the  Jesuit  missionary, 
Father  Hennepin,  mentioned  and  mapped  Illinois  coal,  and  that  today 
you  rank  second  in  both  annual  and  total  production  and  first  among 
eastern  states  in  coal  reserves.  But  I  can  not  refrain  from  bringing  to 
your  attention  the  fact  that  in  only  two  foreign  countries  does  the  coal 
output  exceed  that  of  this  State.  In  fact,  you  have  two  counties  whose 
1907  production  exceeded  that  of  Canada,  or,  indeed,  of  any  one  of 
twenty-three  of  our  own  coal  producing  states. 

This  wealth  in  the  two  important  fuel?,  together  with  the  nearness  to- 
the  Lake  Superior  iron  ores,  puts  your  State  well  to  the  front  in  indus- 
trial importance. 

The  abundant  supplies  of  coal  and  iron  in  this  country  form  the 
corner-stone  of  our  national  prosperity.  It  has  been  stated  that  a  nation 
possessing  both  coal  and  iron  is  independently  rich,  and  you  well  know 
that  America's  industrial  supremacy  among  the  nations  of  the  world 
depends  upon  her  unrivaled  reserves  of  iron  ore  and  especially  of  the 
mineral  fuels. 
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It  is  not  without  significance,  therefore,  that  coal,  of  some  grade  is 
found  in  all  but  fourteen  states,  and  that  thirty-one  states  and  territories 
produced  coal  last  year.  The  subject  of  coal  production  should  not  be 
passed  over  without  mention  of  its  phenomenal  increase — a  record  that 
forms  a  true  index  of  the  nation's  industrial  growth.  Only  one  curve 
can  well  be  compared  with  this  diagram  showing  the  annual  increase  in 
coal  output,  and  that  is  the  increase  in  railroad  mileage  in  the  United 
States.  The  similarity  is  not  only  striking,  but  is  expressive  of  the 
sensitiveness  of  both  coal  mining  and  railroad  construction  to  general 
business  conditions.  The  average  annual  increase  figured  from  the  pro- 
duction curve  is  something  over  7  per  cent.  To  show  America's  place 
as  a  world  power,  we  have  only  to  glance  at  the  statistics  of  the  world's 
production  of  coal.  As  far  as^known  we  lead  the  world  in  coal  reserves 
as  well  as  in  present  production.  Xor  can  we  look  to  China  for  coal, 
since  when  China  becomes  industrially  awake,  that  great  nation  will  fur- 
nish a  home  market  for  her  own  coal.  Since  the  days  of  Yon  Kich- 
thoveif  s  estimate  of  the  coal  resources  of  ^"orth  China,  that  country  has 
been  looked  upon  as  possessing  a  reserve  upon  which  other  nations  may 
draw  when  the  coal  supply  of  Europe  and  America  shall  run  low.  Mr. 
Willis's  recent  estimate  on  the  coal  of  Xorth  China  puts  the  figures  at 
605  billion  tons,  with  the  qualifying  statement  that  this  may  be  100 
billion  tons  too  much  or  too  little.  Such  a  reserve  is  fairly  comparable 
with  the  total  amount  of  coal  in  the  Appalachian  coal  fields  as  estimated 
by  Mr.  Campbell.  In  short,  the  coal  fields  of  southern,  western  and 
northern  China  are  sufficient  for  only  the  future  needs  of  the  great  civili- 
zation which  the  Chinese  will  surely  develop. 

This  glance  at  the  world's  reserves  of  coal  shows  plainly  that  in  the 
case  of  no  mineral  is  there  greater  need  to  emphasize  the  folly  of  exporta- 
tion of  raw  material.  Let  us  keep  our  coal  at  home  and  with  it  manu- 
facture whatever  the  world  needs. 

The  relative  size  of  the  coal  fields  in  the  different  states  is  indicated 
on  this  diagram.  In  this,  however,  there  is  no  distinction  as  to  grades 
of  coal,  and  with  the  range  of  variation  that  we  know,  this  should  not  be 
lost  sight  of.  This  feature  is  brought  out  on  this  copy  of  the  map  of  the 
coal  fields  of  the  United  States  issued  last  year  by  the  Survey.  On  this 
map  is  also  indicated  the  progress  in  the  center  of  production  of  coal  in 
the  two  past  decades  in  which,  as  you  will  remember,  the  production  has 
nearly  quadrupled.  The  center  of  the  coal  reserve  of  the  nation  is  also 
indicated.  These  geographic  features  in  the  distribution  of  coal  produc- 
tion and  of  coal  reserves  furnish  the  best  illustration  of  how  the  distribu- 
tion of  mineral  wealth  must  surely  work  out  the  line  of  national  progress 
in  material  matters. 

This  review  of  our  industrial  development,  a  development  so  unpresi- 
dented  as  to  lead  us  to  doubt  our  ability  to  forecast  the  future  with  any 
degree  of  certainty,  has  little  value,  except  as  it  convinces  us  of  the  need 
of  increased  effort  to  efficiently  utilize  the  mineral  resources  of  state 
and  nation,  and  to  discover  new  stores  of  those  minerals  that  are  essen- 
tial to  our  prosperity. 

—24  G 
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THE  ILLINOIS  STATE,  GEOLOGICAL  SURVEY  AND  THE  FUEL  INTERESTS  OF 

THE  STATE. 

(By  Dr.  H.  Foster  Bain,  Director.) 


Coal-bearing  rocks  underlie  three-fourths  of  Illinois,  including  eighty- 
five  of  its  102  counties.  The  coal  area  is  estimated  at  from  36,000  to 
42.000  square  miles — the  largest  area  of  bituminous  coal  within  any 
single  -  state.  There  are  approximately  1,000  mines  in  the  State,  of 
which  over  400  are  railway  shipping  mines.  The  work  of  the  State 
Geological  Survey  is  therefore  very  largely  devoted  to  coal  and  the  prob- 
lems of  the  coal  fields. 

Illinois  ranks  second  among  the  states  in  the  production  of  coal.  In 
1907  51,317,146  tons,  having  a  total  value  of  $54,687,382.00  were 
mined.  The  figures  for  1998  are  not  complete,  but  preliminary  estimates 
indicate  that  Illinois  was  almost  alone  among  the  states  in  holding  its 
production.  While  in  the  country  as  a  whole  the  amount  mined  fell 
off  from  15  to  20  per  cent,  Illinois  mines  produced  as  much  as,  or  possi- 
bly more  than,  in  1907,  a  record  year.1  Despite  this  gratifying  fact  it 
remains  true  that  our  mines  are  not  working  to  anything  like  their 
capacity.  In  1907  the  average  number  of  days  worked  was  218.  It  would 
probably  be  fair  to  assume  300  working  days  a  year  as  possible.  On  this 
basis  there  was  a  loss  of  30  per  cent  of  the  possible  working  time  and 
this  is  not  an  unusual  per  cent  of  loss  in  our  State.  The  reasons  for  this 
are  complex.  In  part  they  lie  in  the  nature  of  the  coal  which  prevents 
its  storage  without  spontaneous  combustion ;  in  part,  in  the  general  igno- 
rance as  to  correct  methods  of  firing  and  the  real  value  of  the  coal ;  and 
finally  in  part,  in  the  present  organization  of  the  industry  with  excessive 
competition  in  selling.  The  net  results  are  bad  for  the  industry  and 
therefore  for  the  State  as  a  whole.  Cheap  coal  reduces  manufacturing 
costs  but  allows  wasteful  burning.  It  also  entails  wasteful  mining  and 
even  prevents  the  introduction  of  methods  of  safeguarding  the  men  in 
the  mines.  It  is  a  serious  question  whether  we  are  not  paying,  in  loss 
of  life  in  the  mines,  in  loss  of  efficiency  in  our  plants,  and  in  loss  of 
interest  and  capital  invested  in  the  industry,  more  than  the  cheapness  of 
the  coal  is  worth. 

The  study  of  the  coal  and  coal  fields  of  the  State  has  been  carried  on 
both  in  the  field  and  office.  The  work  has  been  directed  toward  : 


1  This  prediction  did  not  come  true  as  the  final  figures  show  47,659,690  tons.    This  loss  was,  how- 
ever, low  in  comparison  with  that  in  other  states. 
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1.  The  solving  of  problems  of  stratigraphy,  such  as  the  distribution 
and  correlation  of  various  coal  beds,  together  with  the  collection  of  all 
data  relating  to  the  origin  and  the  mode  of  deposition  of  the  coal  and 
accompanying  beds. 

'2.     A  study  of  the  composition  and  uses  of  coals. 

3.  A  study  of  the  mode  of  occurrence  of  coal  as  relates  to  the  methods 
and  costs  of  mining. 

4.  A  study  of  the  preparation  of  the  coal  for  the  market,  its  trans- 
portation, its  normal  markets,  and  the  competition  which  it  meets. 

The  first  step  in  the  solution  of  the  problems  of  stratigraphy  is  the 
making  of  accurate  detailed  maps  and  the  compilation  of  drill  records. 
This  is  now  being  done  and  considerable  areas  near  Peoria,  Springfield, 
Belleville  and  in  the  Saline  and  Williamson  county  fields  have  been  sur- 
veyed in  cqoperation  with  the  U.  S.  Geological  Survey.  These  maps 
show  the  thickness  and  lie  of  the  coal  beds  and  from  them  it.  will-  be 
possible  to  tell  quite  exactly  how  much  coal  is  present  and  to  plan  its 
economical  working.  At  present  it  is  only  possible  to  guess  at  the  orig- 
inal conu-nt  of  the  field  and  those  guesses  vary  from  136  billion  to  240 
billion  tons.  Either  is.  perhaps,  sufficiently  large  for  our  comfort. 

The  study  of  the  composition  of  the  coal  is  directed  especially  toward 
the  determination  of  its  availability  and  the  best  means  of  using  it. 
Samples  are  taken  by  uniform  methods  in  the  mine  and  in  the  market 
and  in  connection  with  the  Engineering  Experiment  Station1  elaborate 
experiments  are  being  made  of  the  methods  of  storage,  of  handling  the 
coal,  and  of  burning  it.  We  hope  soon  to  take  up  the  matter  of  gas  pro- 
duction and  coke-making  and  have  had  under  way  for  sometime  certain 
preliminary  experiments. 

The  mode  of  occurrence  as  relates  to  mining  methods  and  costs  has 
been  barely  touched.  In  my  judgment  it  would  be  well  if  the  State 
made  separate  provision  for  this  work.  In  the  absence  of  special  provi- 
sion we  are  attempting  to  gather  such  notes  as  we  can  in  the  course  of 
our  regular  work.  "It  has  been  found  impracticable  at  the  present  time, 
mainly  owing  to  limitations  of  funds,  to  undertake  certain  highly  desira- 
ble studies  of  the  technology  of  the  mining  industry  and  of  the  geograph- 
ical distribution  of  markets  for  Illinois  coals.  It  is  believed  that  much 
good  would  result  from  investigations  along  these  lines  and  that  certain 
portions  of  the  work  are  .well  within  the  proper  field  of  the  State  Geo- 
logical Survey.  It  is  now  well  known  that  there  is,  under  present  com- 
mercial conditions,  an  enormous  waste  in  the  mining  of  Illinois  coal.  In 
individual  districts  it  has  been  estimated  to  amount  to  as  much  as  60 
per  cent,  though,  of  course,  such  losses  are  not  general.  It  would,  how- 
ever, probably  be  safe  to  say  that  in  very  many  places  40  per  cent  of  the 
coal  in  the  ground  is  left  unmined  or  is  ruined  in  the  process  of  mining. 
In  addition,  the  methods  of  mining  introduced  in  recent  years  have 
greatly  increased  the  production  of  fine  sizes  and  have  also,  seeminglv, 
increased  the  danger  to  life  and  property  in  the  mines.  The  causes  for 
all  these  losses  are  complex,  and  it  is  not  to  be  supposed  that  either  opera- 
tors or  miners  willingly  submit  to  them.  Xeither  is  it  to  be  expected 
that  the  losses  of  life  and  property  can  be  entirely  done  away  with.  At 
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the  same  time  experience  has  abundantly  proven  that  careful  and  impar- 
tial investigations  of  such  conditions  will  point  the  way  to  the  remedying 
of  some  at  least  of  the  abuses,  and  in  view  of  the  enormous  importance 
of  the  subject  to  the  State  and  the  public  at  large,  such  studies  are 
believed  to  be  amply  warranted. 

There  has  been  no  opportunity  as  yet  to  seriously  take  up  the  study 
of  markets.  "The  expansion  of  markets  for  Illinois  coal  is  a  matter  of 
vital  importance  to  the  coal  industry  and  indirectly  to  the  people  of  the 
entire  State.  One  of  the  most  important  means  of  promoting  this  expan- 
sion is  by  removing  certain  misapprehensions  as  to  the  quality  of  the  coal 
and  the  pointing  out  of  better  means  of  burning,  so  as  to  increase  its 
efficiency  and  decrease  the  smoke  produced.  This  work  has  been  taken 
up  vigorously  by  the  Engineering  Experiment  Station,  which  has  pub- 
lished excellent  bulletins  on  "How  to  Burn  Illinois  Coal  Without  Smoke" 
and  other  similar  subjects.  In  addition  to.  this  valuable  work,  there 
should  be  investigations  of  the  actual  markets  for  the  different  grades  of 
coal  and  of  possible  enlargements  of  these  markets.  There  are  large 
areas  to  the  northwest  within  which  Illinois  washed  coals  might  profit- 
ably .supplant  eastern  coals  now  being  sold.  There  are  other  areas  to  the 
south  and  west  where,  with  proper  organization  of  transportation  agen- 
cies, even  in  advance  of  improvement  of  the  rivers,  trade  territory  could 
be  gained.  Any  widening  of  the  market  would  be  of  large  benefit  to  the 
local  industry,  particularly  if  the  summer  market  could  be  increased. 
For  this  reason  the  studies  now  under  way  relating  to  weathering  of  coal 
and  coal  storage  are  especially  important." 


iORD.j  COAL  ANALYSIS.  373 


COAL  ANALYSIS. 

(By  Professor  N.  W.  Lord,  Director  of  the  School  of  Mines,  Ohio  State  University.) 


Within  the  last  few  years  the  subject  of  coal  analysis  has  become  of 
great  importance  to  many  lines  of  industry.  The  demand  for  the  analy- 
sis of  coal  has  come  from  a  great  variety  of  sources  and  largely  from 
those  having  little  acquaintance  with  chemical  methods  and  the  interpre- 
tation of  chemical  results.  The  chemists,  on  the  other  hand,  have  been 
compelled  to  take  such  methods  as  were  found  at  hand,  and  the  result 
of  these  conditions  has  been  not  altogether  satisfactory  in  many  ways. 

If  we  consider  somewhat  in  detail  the  various  determinations  made 
in  the  laboratory  in  connection  with  coal  testing,  it  will  be  easy  to  show 
how  much  is  commercial  and  how  little  what  might  be  called  scientific. 
The  so-called  analysis  of  a  coal  is  usually  a  practical  test  of  purity  of 
the  material  on  a  small  scale,  but  it  also  involves  determinations  which 
are  supposed  in  some  way  to  indicate  the  nature  of  the  coal  itself. 

To  illustrate,  suppose  we  consider  an  ordinary  sample  of  bituminous 
coal.  It  may  be  assumed  to  consist,  first,  of  an  organic  constituent  com- 
posed of  vegetable  residues  more  or  less  altered  but  retaining  traces  )f 
its  original  woody  structure  and  composite  character  and  containing  as 
an  integral  part  certain  inorganic  components.  Like  its  source,  woody 
fiber,  it  absorbs  moisture  in  damp  weather  and  gives  it  up  in  dry  weather. 
The  ultimate  chemical  composition  of  this  material  varies  with  the  extent 
of  the  alteration,  as  shown  in  the  peats,  lignites  and  bituminous  and 
anthracite  coals,  and  also,  in  all  probability,  with  the  nature  of  the  vege- 
tation from  which  it  has  been  derived.  This  extremely  complex  and 
indefinite  material  may  be  called  "coal  substance"  for  want  of  a  better 
term.  Intimately  mixed  with  this  are  inorganic  substances,  probably 
mechanically  introduced  with  the  original  vegetable  debris  or  else  pre- 
cipitated by  secondary  reactions  from  circulating  waters.  These  may  be 
in  the  nature  of  clays  or  fine  sand  and  also  intimately  mixed  iron  pyrites. 
I  have  examined  samples  of  coal  under  the  microscope,  in  which  micro- 
scopic crystals  of  pyrites  were  scattered  through  the  mass  in  sufficient 
amount  to  give  high  percentages  of  sulphur  in  the  total,  yet  in  which  n 
superficial  examination  of  the  coal  itself  practically  showed  no  pyrites 
to  the  unaided  eye.  Other  minerals  may  be  present  in  the  same  way, 
even  such  unusual  constituents  as  zinc  blend,  and,  as  Dr.  Hillebrand  has 
shown,  considerable  percentages  of  vanadium  sulphide.  The  extremely 
complex  nature  of  the  organic  constituents  themselves  may  be  inferred 
from  the  variable  but  sometimes  very  large  amounts  of  sulphur  they 
contain,  well  shown  in  the  case  of  certain  peats. 
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Now  in  addition  to  this  base  constituting  the  principal  part  of  the 
sample  submitted  to  the  chemists  for  analysis,  it  has,  secondly,  more  or 
less  coarse  admixture  of  slate,  clays  and  other  rock-like  material  occur- 
ring in  connection  with  the  deposits  of  coal  and  not  properly  separated 
in  mining,  bone  coal,  and  also  streaks  of  cannel  and  other  associated  mate- 
rials, coal-like  in  character,  but  differing  notably  even  in  the  organic 
material  they  contain  from  the  coal  itself.  The  fact  that  many  of  these 
ingredients  on  standing  or  exposure  to  air  rapidly  alter  by  absorption  of 
oxygen,  evaporation,  etc.,  makes  it  appear  that  the  problem  is  still  further 
complicated. 

Now  some  of  the  things  that  the  users  of  coal  wish  to  know  and  for 
which  they  turn  to  the  chemical  analysis  in  the  hope  of  receiving  infor- 
mation are  the  following :  The  heating  power  of  the  coal ;  the  amount 
of  ash  or  inorganic  matter  left  on  burning  the  coal;  the  nature  of  the 
combustion  of  the  coal,  whether  naming,  smoking,  rapid,  or  slow;  the 
gas-producing  quality  of  the  coal  both  as  to  yield  and  as  to  the  nature 
of  the  gas;  the  nature  of  the  ash  yielded  by  the  coal,  whether  fusible  or 
not ;  the  amount  of  sulphur  the  coal  contains ;  the  coking  quality  of  the 
coal  and  the  purity  of  the  coke  produced;  and  the  possibilities  of  improv- 
ing its  quality  by  coal  washing. 

In  addition  to  the  above  are  many  questions  of  special  character,  such 
as  the  nature  of  the  coal  substance,  the  relation  of  its  composition  to  the 
previous  geological  history  of  the  deposit,  and  the  relation  of  total  heat- 
ing power  to  the  heating  power  actually  available  for  technical  operations. 

What  are  the  analytical  methods  at  present  used  in  the  laboratory  to 
meet  this  series  of  questions  and  to  handle  this  very  complex  material? 
Most  of  the  laboratory  work  is  done  upon  a  sample  which  represents  or 
is  intended  to  represent  the  average  composition  of  the  material  and 
which  in  no  way  recognizes  the  separate  constituents  of  the  very  complex 
mineral  aggregate  of  which  it  purports  to  be  an  average.  The  methods 
therefore  give  results  only  approximately  related  to  the  coal  substance 
and  difficult  of  general  application. 

We  have  as  of  generally  recognized  importance  the  ultimate  analysis 
as  ordinarily  made,  giving  the  determination  of  the  hydrogen,  the  carbon, 
the  nitrogen  and  the  sulphur  and  the  percentage  of  ash  left  after  burn- 
ing. This  analysis  also  includes  an  estimate  of  the  oxygen  by  difference, 
which  is,  of  course,  only  approximate,  and  has-been  frequently  pointed 
out  in  discussions  of  the  subject.  This  ultimate  analysis  is  capable  of  a 
high  degree  of  accuracy  for  certain  elements,  which  I  think  could  be 
safely  stated  as  within  6.05  per  cent  in  the  case  of  hydrogen  and  perhaps 
0.3  per  cent  on  carbon,  0.03  per  cent  on  the  nitrogen  and  0.05  on  the- 
sulphur.  I  do  not  mean  that  closer  results  are  not  obtainable,  but  ordi- 
nary work  in  the  laboratory  by  competent  chemists  would,  I  think,  run 
within  these  limits.  The  value  of  the  ultimate  analysis  in  all  technical 
applications  of  the  coal  consists  in  its  giving  a  reasonably  accurate  basis 
for  the  calculation  of  products  of  combustion  and  for  comparisons  with 
the  heating  power  of  the  coal  otherwise  determined.  The  weakest  point 
in  the  ultimate  analysis  is  the  uncertainty  of  its  connections  with  the 
actual  composition  of  the  organic  material  as  distinct  from  the  impuri- 
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ties.  Carbon,  hydrogen  and  sulphur  are  present  occasionally  as  carbon- 
ates, as  combined  water  and  as  sulphates,  respectively,  in  the  slates  and 
other  mechanical  admixtures,  and  the  ultimate  analysis  does  not  distin- 
guish between  such  occurrence  and  that  in  the  coal  substance.  Ingenious 
efforts  to  eliminate  these  uncertainties  as  affecting  the  heating  power  by 
examination  of  various  samples  of  the  same  coal  differing  widely  in  per- 
centage of  mechanical  impurities  have  been  made  by  several  chemists. 

In  addition  to  the  ultimate  analysis,  we  have  the  more  commonly  made 
'•proximate  analysis."  consisting  of  the  determination  of  the  moisture, 
ash.  fixed  carbon  and  volatile  combustible  matter  in  the  coal.  Much  has 
been  written  in  regard  to  these  determinations. 

On  the  same  sample  of  coal  closely  agreeino-  results  can  be  obtained  on. 
the  ash  and  fairly  close  on  the  moisture.  The  variations  in  the  volatile 
combustible  is  much  larger  and  can  only  be  kept  within  reasonable  limits 
by  very  careful  adherence  to  a  defined  method  of  procedure.  The  term 
moisture  simply  means  the  loss  in  weight  under  fixed  conditions  of  treat- 
ment. It  is  intended  and  does  bring  the  material  to  a  condition  which 
can  be  duplicated  closely  and  represents  a  fixed  basis  for  comparison, 
but  in  no  wise  stand?  for  all  the  water  in  the  coal.  The  volatile  combus- 
tible, as  has  l>een  carefully  investigated  by  Professor  Parr,  is  by  no  means 
properly  named.  Only  a  fraction,  and  a  variable  fraction  at  that,  depend- 
ing largely  on  the  kind  of  coal,  is  combustible,  and  a  considerable  frac- 
tion, consisting  of  water  vapor,  carbon  dioxide,  nitrogen  and  other 
diluents  is  inert  or  noncohibustible.  It  is  well  to  recollect  that  the  proxi- 
mate analysis  of  coal  was  devised  many  years  ago,  and  primarily  as  a 
means  of  testing  the  amount  of  coke  left  by  coal.  The  volatile  combu- 
tible  has  since  been  the  subject  of  much  discussion  and  many  attempts 
have  teen  made  to  correlate  it  with  heating  value,  geological  changes  and 
the  various  questions  arising  in  coal  utilization.  Some  undoubted  con- 
nections have  been  shown,  but  I  feel  that  possibly  too  little  recognition 
has  'been  given  to  the  empirical  and  more  or  less  .uncertain  nature  of  the 
determination. 

Of  growing  importance,  particularly  in  connection  with  coal  washing, 
and  as  a  means  for  the  study  of  coal  samples,  is  the  application  of  the 
separation  by  gravity  or  the  so-called  "float  and  sink"'  tests,  in  which 
the  coal  crushed  to  a  moderate  degree  of  fineness  is  separated  on  solutions 
of  high  specific  gravity,  chloride  of  calcium  for  specific  gravities  up  to 
1.35  "and  chloride  of  sulphate  of  zinc  for  higher  specific  gravities. 
Chloride  of  zinc  solution  can  be  made  of  a  specific  gravity  as  high  as  2 
and  .by  dilution  any  of  the  intermediate  gravities  can  be  obtained.  I 
have  used  this  method  in  my  laboratory  for  years  to  separate  heavy  min- 
eral materials  like  slate  and  pyrites,  as  preliminary  to  the  study  of  the 
composition  of  coal.  The  method  is  excellently  adapted  to  tracing  out 
the  variations  in  composition  as  the  intermixed  mineral  substances  are 
eliminated.  It  will  enable  the  experimenter  to  distinguish  with  con- 
siderable accuracy  between  the  inherent  intimately  mixed  ash  and  sul- 
phur compounds  and  the  coarser  and  mechanical  contaminations. 

In  recent  years  the  leading  factor  in  the  commercial  valuation  of  coals 
has  become  the  calorific  value  or  heating  power  of  the  coal  and  today  the 
most  important  demand  on  the  laboratory  is  the  determination  of  this. 
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The  widely  extending  use  of  the  bomb  calorimeter  is  leading  to  new 
problems  for  the  investigation  of  the  chemists.  Here  again  the  heating 
value  of  the  sample  is  modified  more  than  by  mere  dilution  by  the  nature 
of  the  mineral  aggregate.  As  Mr.  Turner  and  others  have  shown,  the 
heating  value  is  not  entirely  proportional  in  a  given  kind  of  coal  to  the 
residue  left  after  deducting  the  ash  and  the  moisture,  but  that  there  are 
factors  depending  on  the  influence  of  the  inorganic  material.  Work  of 
this  kind  is  of  great  importance  in  order  that  the  effect  of  ash,  moisture 
and  pyrites  on  the  commercial  value  of  coals  may  be  more  accurately 
known. 

Calorimetry  demands  considerable  training  and  experimental  skill  and 
the  recently  adopted  policy  of  the  Bureau  of  Standards  of  furnishing 
materials  of  known  heating  value  so  that  the  constants  and  correction  of 
the  calorimeter  can  be  determined  is  greatly  to  be  commended.  The 
possibility  of  error  in  calorimetric  determinations  due  to  alteration  of 
samples  should  be  borne  in  mind.  A  very  finely  pulverized  coal  sample 
will  oxidize  in  many  cases  very  rapidly,  and  comparative  results  by  differ- 
ent chemists  on  such  a  sample  are  liable  to  be  very  unsatisfactory  unless 
all  made  at  approximately  the  same  time  on  samples  that  have  been  sealed 
in  air-tight  receptacles.  Experiments  made  by  the  Fuel  Testing  Plant 
afford  ample  evidence  of  the  extent  to  which  this  alteration  may  take 
place. 

The  determination  of  the  water  equivalent  of  the  calorimeter  experi- 
mentally gives  rise  to  many  difficulties  and  hence,  except  for  those  having 
had  a  great  deal  of  experience  in  fundamental  measurements,  it  is  far 
better  to  use  the  calorimeter  as  a  comparative  instrument  and  depend  for 
its  constants  upon  burning  substances  of  known  calorific  value  such  as  are 
furnished  by  the  Bureau  of  Standards.  Commercial  chemicals  are  quite 
variable  and  different  samples  of  naphthalene,  benzoic  acid,  etc.,  from 
different  dealers  will  differ  notably  in  their  heating  value.  Recently  the 
writer  has  obtained  very  successful  results  by  the  method  of  mixtures, 
adding  hot  water  to  the  calorimeter  from  the  Dewar  flask  or  thermos 
bottle  in  which  it  is  possible  to  read  with  great  accuracy  the  temperature 
of  the  added  water  and  to  add  the  water  to  the  calorimeter  with  only  a 
very  small  correction  for  radiation  loss  during  the  addition.  The  method 
has  proved  successful  in  the  hands  of  students  who  have  made  a  number 
of  water  equivalent  determinations  agreeing  within  a  very  small  limit 
of  error  with  the  calibration  of  the  calorimeter  obtained  in  other  ways. 
Of  course,  this  method  has  the  advantage  of  being  absolute  and  not 
relative. 

The '  foregoing  outline  has  dealt  with  the  laboratory  side  of  the  ques- 
tion. All  the  analytical  work,  calorimetric  work  and  everything  else  in 
connection  with  the  testing  depends  for  its  economic  value  on  the  funda- 
mentally representative  nature  of  the  sample  of  coal  tested  in  the  labora- 
tory. Here  is  the  weakest  point  in  the  commercial  application  of  the 
results.  Coal  sampling  is  a  matter  now  prominent  before  the  technical 
world.  Now  that  the  extending  recognition  of  the  value  of  laboratory 
work  is  leading  to  the  purchase  of  coal  on  chemical  specifications  the 
whole  question  of  sampling  is  under  review.  Ingredients  most  affected 
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by  sampling  are  obviously  moisture,  ash,  sulphur,  and  calorific  value. 
In  a  recent  paper  of  great  interest  Mr.  E.  G.  Bailey  has  presented  a  large 
number  of  results  in  which  he  criticizes  existing  methods  and  lays  down 
certain  general  deductions  from  carefully  conducted  experiments  as  to 
the  general  principles  involved  in  the  securing  of  correct  samples.  Mr. 
Bailey  has,  in  my  opinion,  done  a  very  valuable  piece  of  work  both  in 
calling  attention  to  the  importance  of  the  subject  and  in  the  experiments 
that  he  has  brought  forward.  As  having  been  connected  with  the  govern- 
ment work  at  St.  Louis,  I  feel  called  upon  to  correct  certain  misappre- 
hensions in  regard  to  that  work  which  I  think  have  unintentionally  on 
his  part  led  him  to  place  in  a  somewhat  false  light  as  to  the  accuracy  with 
which  the  sampling  was  done. 

As  I  follow  his  paper  he  makes  a  fundamental  assumption  that  the 
variations  in  the  portions  of  coal  taken  at  the  plant  from  the  same  car 
shipment  and  sent  to  the  boiler,  the  gas  producer  and  briquetting  and 
washing  plants  were  identical  in  composition  with  the  car  load  samples 
and  that  the  variations  shown  in  these  different  portions  were  due  to 
variations  in  sampling  of  the  portions  at  the  various  plants,  whereas,  the 
facts  of  the  case  are  that  the  different  portions  taken  from  the  car  were 
not  supposed  to  be  sampled  from  the  car  but  simply  portions  unloaded 
at  different  points,  and  the  reason  why  analyses  were  made  of  the  sepa- 
rate portions  was  because  it  was  recognized  that  the  car  load  was  not 
uniform  as  far  as  contents  of  ash,  sulphur,  etc.,  were  concerned,  and  that 
the  car  load  analysis  could  not  be  taken  for  the  different  portions  without 
a  preliminary  thorough  mixing  of  the  whole  car  load,  which  was  not 
practical.  This  is  clearly  stated  on  page  284  of  Professional  Paper  43, 
Part  1,  from  which  I  quote : 

"'It  was  intended  that  the  car  sample  should  represent  the  average  of 
the  whole  car,  while  the  other  samples  stood  for  different  portions  of  it. 
These  would  average  about  five  tons  each.  In  some  cases  the  car  sample 
was  taken  on  only  a  part  of  a  car.  The  large  variation  in  the  different 
samples  in  a  few  cases  shows  the  irregularity  in  the  coal  in  the  car." 

Experiments  were  made  at  St.  Louis  and  published  in  this  same  work, 
giving  the  analysis  of  duplicate  samples,  and.  while  the  results  were  not 
very  satisfactory  and  some  errors  were  found,  they  were  not  of  the  magni- 
tude given  by  Mr.  Bailey  from  his  comparison  of  the  other  samples  based 
on  the  assumption  which  I  have  shown  was  not  warranted  and  which  was 
contrary  to  the  facts  a?  we  stated  them  at  the  time.  Mr.  Burrows  has 
discussed  the  question  of  mine  samples,  but  the  comparison  of  these  with 
coal  shipped  from  the  mines  makes  no  allowance  for  the  extent  of  clean- 
ing that  the  coal  underwent  in  shipping  and  in  taking  the  mine  samples. 
As  stated,  several  duplicate  samples  on  the  car  loads  were  run  to  check 
the  St.  Louis  sampling  and  the  worst  result  obtained,  I  think,  was  the 
one  given  on  page  287.  in  which  an  extreme  variation  in  ash  on  a  coal 
averaging  15  per  cent  ash  ^vas  a  little  over  2  per  cent.  This  coal  wa? 
selected  as  the  worst  obtainable  from  the  standpoint  of  sampling  and 
the  variation  of  the  highest  and  lowest  samples  from  the  average  of  all 
the  experimental  samples  on  this  coal  was  only  a  little  over  1  per  cent. 
Notwithstanding  this  criticism  that  I  felt  compelled  to  make  of  Mr. 
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Bailey's  representation  of  the  St.  Louis  work,  I  feel  that  this  general 
proposition  in  regard  to  the  uncertain  nature  of  much  coal  sampling  is 
well  sustained.  His  conclusion  as  to  the  amount  of  sample  necessary  in 
order  to  obtain  a  representative  sample  are  of  great  interest.  However, 
I  do  not  feel  that  the  difficulties  are  quite  as  great  as  his  experiments 
would  lead  one  to  conclude : 

Two  things  are  important  to  consider : 

In  the  first  place,  that  in  crushing  coal  a  large  proportion  of  fine  mate- 
rial is  produced  so  that  the  average  size  of  particle  is  but  little  more  than 
one-half  the  maximum  size  and  therefore  results  on  the  distribution  of 
the  maximum  size  pieces  greatly  aggregate  the  difficulties.  I  recently 
took  four  samples  of  screened  coal  and  had  them  put  through  a  jaw 
crusher  and  screened. 

In  No.  1,  8.8  per  cent  was  retained  by  a  i/^-inch  screen  and  56.4  per 
cent  passed  a  %-inch  screen.  This  sample  of  coal  was  sampled  in  dupli- 
cate at  this  state  of  crushing,  portions  of  coal  of  about  five  pounds  being 
taken.  The  two  five-pound  portions  were  each  separately  pulverized, 
well  mixed  and  analyzed.  The  first  portion  gave  13.86  per  cent  ash  and 
the  second  portion  13.56  per  cent.  A  similar  experiment  on  a  second 
sample  of  coal  gave  16.3  over  a  %-inch  screen  and  46.65  per  cent 
through  a  ^-inch  screen.  The  ash  in  the  first  sample,  14.59;  in  the 
second  sample,  14.49.  A  third  sample  of  coal  gave  7.3  per  cent  over  a 
3/o-inch  screen  and  48.3  per  cent  through  a  i/4-inch  screen.  The  ash  in 
the  first  sample  was  15.11;  in  the  second  sample,  15.10.  In  two  of  these 
samples  the  percentage  of  ash  in  the  finer  portion  was  considerably 
greater  than  the  percentage  of  ash  in  the  coarser  portion. 

Of  course,  these  results  are  too  few  in  number  to  amount  to  anything, 
but  they  show  that  the  finer  material  is  in  sufficient  proportion  to  dimin- 
ish the  irregularity  introduced  by  the  bad  distribution  of  the  coarser 
lumps  in  the  sample. 

A  further  point  in  coal  sampling  which  has  to  be  considered  is  that  in 
the  larger  sizes  there  is  a  natural  mixture  in  the  material  of  the  slate 
and  the  coal,  so  that  4-inch  lump  coal  does  not  represent  a  mixture  of 
4-inch  lumps  of  coal  and  4-inch  lumps  of  slate  to  any  appreciable  per- 
centage of  the  ash  present.  In  otl^er  words,  the  inspection  element  must 
enter  coal  sampling,  and  no  man  would  draw  a  moderate  sized  sample  of 
a  coal  in  which  he  has  a  large  percentage  of  lumps  of  slate  as  large  as 
the  lumps  of  coal,  while  the  occasional  presence  of  even  a  large  lump  of 
slate  would  have  but  little  influence  on  the  ash  percentage  of  the  result- 
ing sample. 

Mr.  Bailey  gives  what  he  names  the  "size-weight-ratio"  of  the  relation 
between  the  maximum  sized  piece  of  coal  in  the  sample  and  the  weight 
of  coal  necessary  to  take  in  order  that  the  sample  may  be  certainly  repre- 
sentative within  an  error  of  1  per  cent  of  ash. 

Now,  his  figures  lead  to  very  large  samples  in  cases  of  lump  coal,  but 
the  foregoing  indicates  that  the  size  ratio  should  probably  be  that  of  the 
maximum  slate  sizes  present  in  the  coal  lumns,  or  free,  rather  than  the 
actual  coal  lump  size.  The  moderate  variations  in  the  ash  percentage  of 
the  different  lumps  would  have  far  less  influence  in  disturbing  sampling 
than  the  presence  of  equivalent  sized  lumps  of  slate. 


LORD.]  COAL   ANALYSIS.  379 

Obviously,  therefore,  careful  inspection  must  precede  the  sampling  in 
the  case  of  lump  coal  and  the  presence  of  large  pieces  of  slate  and  pyrites 
in  lumps  in  the  coal  taken  into  consideration  in  determining  the  size  of 
sample  necessary  in  order  to  properly  sample  the  coal. 

I  have  always  directed  samplers  to  inspect  the  coal  carefully  and  break 
up  into  small  pieces  any  lumps  of  slate,  bone  coal  or  pyrites  found  or 
anything  else  that  did  not  look  like  coal  before  taking  or  dividing  the 
sample. 

Of  course,  it  is  well  known  that  no  system  of  sampling  which  is  purely 
mechanical  is  satisfactory  for  materials  in  which  coarse  distribution  of 
the  components  exists,  unless  the  whole  of  the  material  is  crushed  to 
approximately  such  limits  as  are  defined  by  Mr.  Bailey.  This  is  the  prin- 
ciple involved  in  the  sampling  of  lead  and  copper,  and  gold  and  silver 
<m-s.  where  the  system  of  sampling  involves  the  crushing  of  many  tons 
of  material.  Such  a  system  of  sampling  is,  of  course,  out  of  the  question 
with  lump  coals  where  the  crushed  material  would  be  to  a  certain  extent 
rendered  of  small  value.  The  system  of  sampling  adopted  in  this  case 
must  be  based  upon  an  estimate  of  the  maximum  size  of  slate  and  pyrites, 
cnnst i tuting  an  important  portion  of  the  impurities. 

The  difficulty  of  eliminating  the  personal  element  in  doing  such  sam- 
pling is  one  of  the  problems  which  the  Committee  on  Specifications  will 
have  to  contend  with.  Meanwhile,  the  sampling  problem  is  before  us 
and  must  be  adequately  solved  before  the  laboratory  analysis  of  the  coal 
reaches  its  full  application. 

The  preparation  of  the  laboratory  sample  from  the  field  sample  is  a 
much  more  simple  matter  and  is  easily  within  the  reach  of  present 
methods.  One  of  the  principal  difficulties  involved  at  this  point  is  the 
avoiding  of  changes  in  the  composition  of  the  sample  due  to  loss  of 
moisture  and  to  oxidation.  I  notice  in  many  experiments  the  coal  is 
ground  to  100-mesh  or  even  '200  before  analysis.  I  think  this  is  a  step 
in  the  wrong  direction.  The  finer  the  powder  the  more  prone  to  oxida- 
tion and  loss  of  moisture,  and  I  think  the  effort  of  the  sampler  should  be 
to  determine  a  lower  limit  for  Mr.  Bailey's  "size-weight-ratio''  as  well 
a=  a  higher,  and  not  to  reduce  the  sample  beyond  this  point,  before  weigh- 
ing out  for  analysis. 

"We  have  considered  that  a  60-mesh  sample  will  meet  the  ordinary 
requirements  where  1  gram  is  taken  for  the  determination,  which  is 
within  Mr.  Bailey's  figures  as  I  understand  them. 
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